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Abstract 
The role of the hippocampus in cognitive functions including memory and 
learning has been well established. It has also been reported that the age-related 
deficits in mammals are resulted from the decline in hippocampal functioning, which 
involved alterations in both morphological and biochemical aspects. In the central 
nervous system, especially the hippocampus, different isoforms of the nitric oxide 
synthase O^OS) play a role in the physiological and pathological mechanisms. The 
specific aim of the present study is to investigate the roles of the neuronal (nNOS) and 
inducible NOS (iNOS) in aging of the hippocampus. By utilizing 
immunohistochemistry and reverve transcription-polymerase chain reaction, both the 
protein and the mRNA of each of the two isoforms were analysed in two age-groups 
(2- and 25-month-old). A significant decrease in nNOS protein level was observed 
during aging while there was an upregulation of iNOS protein and mRNA in the 
hippocampus of the aged group. The number of astrocytes which were the specific 
cells expressing iNOS was also found to increase during aging. On the other hand, 
apoptosis (the programmed cell death) was not detected in any significant amount in 
the aging hippocampus. 
The result of the present study suggest that the function of the hippocampus 
including long-term-potentiation and memory may be affected by the changed level of 
nNOS in the hippocampus in the process of aging. In addition, the iNOS expression, 
which has been associated with various kinds of pathological conditions and traumatic 
injuries, may induce a neurotoxic effect in the aging hippocampus. 
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Chapter 1. Introduction 
1.1 Introduction of aging in central nervous system 
Normal aging is defined as senility changes that occur in individuals free of 
pathological diseases. It is characterized by chronic changes of specific functions which 
are often progressively deteriorating. Although aging has been studied extensively in 
many different aspects for many years, the basic biological nature of the aging process 
remains obscure and a satisfactory definition of biological and physiological aging 
remains elusive. 
One individual may exhibit many different kinds of functional changes during 
normal aging. With respect to the molecular mechanism, the normal brain aging is in 
certain extent similar to pathological brain aging such as Alzheimer's disease. This age-
related disease is the most frequent cause of dementia. Cummings and Benson (1983) 
defined dementia as an acquired syndrome of intellectual impairment produced by brain 
dysfunction. The characteristics of dementia include memory impairment, deterioration 
of intellect and change of personality, depending on the cause and the stage of the 
process. However, a number of these functional changes are also exhibited in normal 
aging. For example, in normal aging, cognitive, emotional, behavioral and motor 
functions has been reported to be altered. 
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Cognitive function involves perception, memory and intelligence. Elderly people 
require more time in simple and complex perception (Eriksen et al., 1970). Besides, they 
also encounter difficulty in processing new information or the consolidation of this 
information into long-term memory. Moreover, the accessibility or retrieval of the 
acquired information is impaired in older individuals. Such memory impairment has been 
decribed by Kral (1962). Overall, the cognitive abilities usually decrease with age. It is 
clear that the poor performance in memory, perception and other cognitive functions in 
elderly people can be attributed to difficulties in behavioral organization and problem 
solving. 
According to Welford (1977)，the main limitations in motor performance in aged 
people are due to the inability of intergrating information from the senses. Therefore, 
motor dysfunction sometimes is not caused directly by muscular factors but by the 
swiftness of the decisions made to initiate movements. It seems that the functional 
declines in the aging brain can lead to a consequence of impairments in many essential 
performances in daily life. Apart from the decline in the brain functions, the aging brain 
seems to be more susceptible to certain kind of injuries such as lesion, stroke and some 
age-related diseases (eg. Alzheimer's and Parkinson's diseases). 
Undoubtedly, many different kinds of alterations in the structure (vascular and 
cellular) and neurochemistry (eg. neurotransmitters) are progressing in the normal aging 
brain. It should be noted that neurofibrillary tangles (neurofilaments) and senile plaque 
(cluster of degenerating nerve endings) are found in particular locations in the great 
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majority of the normal elderly (Matsuyama et al., 1966; Dayan, 1970)，apart from being a 
typical pathological sign for Alzheimer's disease. 
One remarkable feature of the aging central nervous system is that the alterations 
appear to show area specificity (Flood and Coleman, 1988; Bames, 1990). hi the other 
words, the changes that occur in normal aging exhibit striking regional and cellular 
pattems. It implies that the deficit in some brain functions such as memory may be due to 
the specific age-related deterioration of a particular brain structure, a particular 
neurotransmitter system or even the death of a particular cell type. 
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1.2 Introduction of hippocampus 
1.2.1 Structure of the hippocampus 
Hippocampus (also called Ammon's hom) got its name because it looks like a sea 
horse. Jn human and rodents, the hippocampus is situated immediately under the temporal 
hom of the lateral ventricle and is continuous with the parahippocampal gyms. Efferent 
fibers join together and form the fornix (fimbria). Hippocampal formation is a general 
term to describe the hippocampus itself, the dentate gyrus and the subiculum (Figure 1). 
The subiculum is then continuous with the entorhinal cortex which makes up the large 
posterior part of the piriform cortex. Fomices from both sides connect to each other and 
cross the midline through the hippocampal commissure underneath the corpus callosum. 
Hippocampal formation has been a frequently chosen region for the study of the 
anatomical and physiological features of the central nervous system because its 
cytoarchitecture is well organized and can be easily identified. The two types of cells 
most prominent in the hippocampus are the granule cells and pyramidal cells. The 
pyramidal cells form the pyramidal layer with their basal dendrites extending outward 
towards the ventricle and apical dendrites projecting inwards. The layer of the basal 
dendrites is called the stratum oriens while the layer harboring the apical dendrites is 
called the stratum radiatum. The apical dendrites branch repeatedly as they go inwards 
and finally form synapses in the innermost region, the stratum lacunosum-moleculare. 
The axons of the pyramidal cells give off recurrent collaterals, many of which traverse 
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Figure la. A horizontal section of a mouse hippocampus stained with cresyl 
violet (Nissl staining), 50 X. 
s 
Figure lb. A schematic diagram showing the major layers and regions of 
hippocampus. DG = Dentate gyrus; FB = Fimbria; PAR = Para-
hippocampal cortex; SUB = Subiculum; SLM = Stratum lacunosum-
moleculare; SR = Stratum radiatum; SP = Stratum pyramidal; 
SO = Stratum oriens. 
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inside the stratum oriens and leave the hippocampus via the fornix. The Ammon's hom 
can be subdivided into several field along its length. The fields are CA1, CA2, CA3 and 
CA4. The CA4 region, sometimes called the polymorphic cell layer, is in the dentate 
gyrus. Like the pyramidal cells, the granule cells form a dense layer in the dentate gyrus. 
Besides the two major cell types, another common cell type found in hippocampus is the 
intemeurons, which are inhibitory in nature and regulate the complex interactions among 
the principal cells. 
There are three well-studied synaptic connections in the hippocampus. Afferent 
fibers enter the hippocampus from the entorhinal cortex and synapse onto the granule 
cells in the dentate gyrus (the perforant fiber pathway). Axons are then sent out from the 
granule cells and synapse with the pyramidal cells in CA3 region (the mossy fiber 
pathway). The pyramidal cells in CA3 send their axons out subsequently and form 
synapses with the pyramidal cells in CA1 region (the Schaffer collateral fiber pathway). 
1.2.2 Function of hippocampus (Role in memory) 
fe human, it has been well established that a lesion in hippocampus can lead to amnesia, 
i.e，the loss of memory (Scoville and Milner, 1957; Penfield and Milner, 1958; Milner, 
1966). In rodents, deficits in behavioral ability were seen following hippocampus lesions 
(Olton, 1983). It has been shown that the hippocampus must play a very essential role in 
the memory storage process in human and other mammals (Squire, 1992). Although the 
complete mechanism ofhow memory is stored is not known, it is believed that long-term 
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potentiaion (LTP) of the hippocampal synaptic connections is the primary model of 
memory in mammalian brains. 
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1.3 A literature review of aging in hippocampus 
1.3.1 Cell loss in aging 
During aging, neurons in the central nervous system are generally susceptible to 
cell death. Several studies have reported a significant loss of neurons in the hippocampus 
of aged rats and showed a correlation of age differences in learning and short-term 
memory in relation to this type of cell loss (Brizzee and Ordy, 1979). West (1993) 
reported a regionally specific loss of neurons in the aged human hippocampus using 
stereological method. From his observation, there was a 7.3% reduction per decade in the 
cell number in the subiculum and 4.2% in the hilus of dentate gyrus. Li another study, 
hippocampal structural degeneration including cell loss in rats was found to be correlated 
with age-related memory impairments as tested by Morris water maze (Kadar et al, 1994). 
Moreover, distinct morphological changes in CA1 and CA3 regions were mainly 
observed in the hippocampus at middle age, i.e. 12 months old in the rat. Although there 
is some evidence to show a decrease in cell number in the hippocampus of aged 
mammals, studies of age-related cell loss on other brain regions led to an uncertain 
conclusion. No significant reduction in neurons of the monkey cerebral cortex was 
reported by Peters (1993). Therefore, it is very likely that certain regions of the brain are 
particularly more sensitive to pathological conditions or the stress of aging than the others 
so that different regions exhibit different rates of cell loss in aging (reviewed in Brody, 
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1973). Hippocampus seems to be one of the most susceptible region in this aspect during 
aging. 
1.3.2 Ultrastructural changes in aging 
However，one should bear in mind that not only cell loss can account for the 
functional decline in the hippocampus in aging, change in subcellular constituents can 
also affect the normal hippocampal functioning. Extensive studies have been done to 
evaluate the ultrastructural alterations of the hippcampus of aged rodents. One of these 
showed neuronal changes including disorganization of the rough endoplasmic reticulum 
and multiple infoldings of the nuclear membrane with increasing age in the neurons of the 
rat hippocamups. (Hasan and Glees, 1973). Another group reported a vacuolating change 
in the cytoplasm of pericytes of the hippocampus of the aging mice (Lamar, 1976; Ball, 
1977). According to Ball, the cells with this kind of alteration demonstrated one or more 
spherical vacuoles with an argyrophilic, hematoxylinophilic granule in the centre, and 
some of these vacuoles might appear swollen. Apart from the granulovacuolar 
degeneration, lipofuscin accumulation was another phenomenon seen in the aging 
hippocampus. Lipofuscin is generally considered to be the product of the breakdown of 
cytoplasmic membranes. Brizzee and Ordy (1979) reported an increase in the 
intraneuronal lipofuscin in the hippocampal CA1 region in rats and this increase was 
correlated significantly with the loss of neurons. It was also reported that a decline in 
cytoplasmic RNA was associated with lipofiiscin accumulation (Mann and Sinclair, 
1978). It has been proposed that the accumulation of intraneuronal lipofuscin may lead to 
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loss of neurons by interfering with subcellular organelles and occupying their space. 
These changes in cellular components have suggested an enzymatic alteration which may 
occur in the aged hippocampus. 
1.3.3 Changes in neurotransmitter system 
There is some evidence that deviations in neurotransmitter systems occur in the 
aged mammals. Among those, cholinergic system has been studied most extensively. 
Biegon et al (1986) reported a decrease in the number of cholinergic neurons in 
hippocampus of aged rats by histochemical method. Lolova and Davidoff (1989) 
employed immunohistochemical staining to investigate the distribution of choline 
acetyltransferase (ChAT), which is an enzyme marker for the neurotransmitter 
acetylcholine, in young and aged rat hippocampus and a decrease in staining was 
observed in the latter, hi human hippocampus, a similar significant age-related decline in 
ChAT level was observed in specimens of 40 to 100 years old (Perry et al, 1992). 
However, for the other parts of the brain, the conclusion of age-related decline in the 
cholinergic system is controversial. For example, some authors could not find a similar 
decrease in the nucleus basalis of Meynert (Clark et al, 1983) and the forebrain region 
(Homberger et al, 1985; Luine at al, 1986). From the above studies, it seems that the 
cholinergic system in the hippocampus is more vulnerable to alteration than the other 
regions in the brain. There was also an interesting finding showing a strain-specific 
difference between the Wistar and Fisher rats in the alteration of this neurotransmitter 
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during aging in which a significant decrease in ChAT in aged Fisher rats but not in Wistar 
rats (Michalek et al, 1989). Li Alzheimer's disease, however, severe degeneration of 
cholinergic neurons in the basal nucleus of Meynert, leading to the impairment of 
cholinergic neurortransmission in the hippocampus and the cerebral cortex, has been 
proposed (Johnston et al., 1979). 
Besides cholinergic system, other studies also showed a possible decrease in the 
number of gamma-aminobutyric acid (GABA) neurons in rat hippocampus (Lolova and 
Davidoff, 1989). 
1.3.4 Neuroglial change 
Neuroglial cells are the major type of cells found in the central nervous system. 
Glial cells provide a supportive function and a suitable microenvironment for neurons. As 
hippocampal fiinction declines in aging, one might expect to find some age-related 
changes in these cells, especially in their numbers and their morphologies. Neuroglia cells 
are of four main types. They are the astrocytes, oligodendrocytes, microglia and 
ependymal cells. Light microscopic observation have revealed more pronounced age-
related glial changes in the hippocampus than in other brain structures (Reichel et al, 
1968; Brizzee et al，1974; Landfield et al，1977). 
The change in astrocyte was studied most extensively. In the studies of aged rats, 
most groups reported an increased number of astrocytes in hippocampus. In most of these 
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studies, glial fibrillary acidic protein (GFAP) was used as a marker for astrocytes as 
GFAP is a specific intermediate filament in this kind of glial cells. By northern blot 
analysis, Wagner et al (1993) found an increase of approximately 1.8-fold of GFAP 
mRNA expression in 24-month-old rats compared to 6-month-old. Similar findings were 
found in the aging rat hippocampus (Sugaya et al, 1996), human hippocampus (Nichols et 
al, 1993) and mouse hippocampus (Goss et al , 1991). By westem blot method, the 
quantity of GFAP protein was found to increase significantly in the human hippocampus 
and parahippocampal region as a function of age (David et al, 1994). However, this 
phenomenon was not observed in the neocortical areas, suggesting that the hippcampal 
region is again affected specifically during aging. Besides, Nomura et al (1996) also 
reported an enhanced immunoreactivity for GFAP in the mouse hippocampus. 
Apart from the increase in number, astrocytes in the aging hippocampus have also 
been reported to undergo hypertrophy (increased numbers of thickened processes). 
Lindsey et al (1979) reported that although they did not find a significant change in the 
total astroglial cell density in the hippocampus of aging rats, an increasing number of 
hypertrophied astrocytes was found. These hypertrophied astrocytes were not present 
evenly throughout the hippocampus, but were more pronounced in the central region of 
the hippocampus including the synaptic terminal fields of the perforant path. In another 
study, Lolova (1991) reported that the astrocyte number per unit square area of stratum 
radiatum and stratum lacunosum-moleculare increased significantly in the aged rats and 
astrocyte hypertrophy occurred particularly in the stratum lacunosum-moleculare of the 
CA1 field in aged rats as revealed by the measurement of the sizes of astrocyte processes. 
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For the other types of glial cells, previous studies showed that the microglial cells 
occurred more frequently in aged rats than those in young rats (Hasan and Glees, 1973; 
Vaughan, 1974; Sturrock, 1987; Lolova, 1991), while oligodendrocytes were found to 
exhibit less changes in the aging process when compared to other types of glial cells 
(Vaughan, 1974; Sturrock, 1987). Other studies also demonstrated an accumulation of 
lipofuscin in various types of glial cells in the hippocampus (Reichel et al, 1968; Brizzee 
et al, 1974; Vaughan, 1974; Sturrock, 1987). 
1.3.5 Change in potentiation 
Neurophysiological studies revealed that hippocampus is characterized both by 
short-term potentiation ("frequency potentiation" or FP) and long-term potentiation 
(LTP). FP features an increased amplitude of synaptic responses while LTP represents its 
persistent form. Since LTP can persist for hours to weeks, it has been implicated to be 
responsible for memory. However, FP may be the intermediate steps in the induction of 
the longer lasting form of plasticity OLTP), therefore FP can also play a role in the 
memory storage process. Landfield (1988) reported that in the CA1 region of the 
hippocampus of aged rats, there is no significant change in the magnitude of LTP but a 
decrease of FP was found. However, a time delay in the development of LTP and a rapid 
decay of LTP were also observed in aged rats when compared to younger ones. Similar 
resuks in the dentate gyrus have been reported by other authors (Bames et al, 1979; 
Bartus and McNaughton, 1985). Li another study, Deupree et al. (1993) also revealed that 
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there were alterations in potentiation in the CA1 region of aged rats, including a more 
rapid decay of short-term potentiation and a decrease in somatic long-term potentiation. 
The age-related deficit in FP may be due to the alteration of calcium conductance in the 
neurons of the hippocampus reported previously by Landfield et al (1984). The alteration 
of potentiation in aging hippocampus may induce deficits in leaming and memory. 
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1.4 A literature survey of Nitric Oxide Synthase flVOS) 
1.4.1 General introduction of Nitric Oxide Synthase 
Nitric oxide (NO), a gas generated by mammalian cells, was found in recent years 
to be responsible for many divergent functions in the biological system, including neural 
transmission, vascular dilation and neural degeneration. Nitric oxide synthase 0^^OS) is 
the enzyme that produces nitric oxide as a by-product through the convertion of L-
arginine into L-citrulline. There are three isoforms of this enzyme cloned and identified 
and these are the neuronal (nNOS), inducible (iNOS) and endothelial (eNOS) isoforms. 
1.4.2 Introduction ofnNOS 
The initial discovery of the flmction of NO was related to the detection of the 
endothelium-derived relaxing factor (EDRF) (Furchgott and Zawadzki, 1980) which 
was only known at that time to be a potent vasodilator. This vasodilator, EDRF, was then 
shown to be identical to NO chemically (Ignarro et al., 1987; Palmer et al., 1987). In 
1988, Garthwaite reported that this EDRF release could activate the N-methyl-D-
aspartate Q^MDA) receptors in the brain, thus suggesting a possible role of NO in the 
neurotransmission as an intercellular messenger in the brain. Other studies also 
demonstrated the existence of NO in brain tissue (Bredt and Snyder, 1989). This further 
led to the isolation, purification and characterization of the enzyme synthesizing NO from 
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rat cerebellum (Bredt and Synder, 1989,1990). Bredt et al. (1991a) cloned a cDNA for 
this enzyme from rat brain and showed a close homology with cytochrome P-450 
reductase. Neuronal NOS (nNOS) is constitutively expressed and it produces fairly small 
amounts ofNO after calcium-mediated stimulation. NO produced in this manner behaved 
as a signaling molecule in some synaptic potentiation (eg. long-term potentiation). 
Among the different regions of the brain, nNOS mRNA levels are the highest in the 
cerebellum, followed by the olfactory bulb, colliculi, hippocampus and cerebral cortex 
(Bredt et al., 1991a) 
1.4.3 Introduction ofiNOS 
Li 1985, Stuehr et al. discovered that macrophages could be induced by 
lipopolysaccharide to produce significant amounts of both nitrite and nitrate. NO was 
then identified as an intermediate product (Marietta et al., 1988) and the induced enzyme 
responsible for the NO synthesis, or the NOS, has been purified from induced rat 
macrophages and from induced macrophage cell line respectively (Yui et al., 1991; 
Stuehr et al., 1991). Then in 1992, Lowenstein et al. cloned the mouse macrophage NOS 
induced by lipopolysaccharide and interferon 丫 and reported that this enzyme shared 50% 
sequence homology with the neuronal enzyme. Cloning of this inducible NOS from rat 
astrocytes was performed and showed a very high homology with the macrophage one 
(Galea and Feinstein，1994). From these findings, iNOS seemed to be induced in glial 
cells by stimulation of the central nervous system and a hypothesis of its induction was 
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proposed O^omura and Kitamura, 1993). iNOS has also been found to be induced in other 
cell types such as hepatocytes (Curran et al., 1990), Kupffer cells (Billar et al., 1989), 
chondrocytes (Charles et al., 1993)，smooth (Busse and Mulsch, 1990; Schini et al., 1991) 
and skeletal muscles (Williams et al., 1994). The production of NO by iNOS is quite 
different from that of nNOS as previous study showed that both astrocytes and microglia 
can release a large quantities of NO after the induction of iNOS in reponse to endotoxin 
or some cytokines (Lee et al., 1993; Simmons and Murphy, 1993). The production ofNO 
from this isoform is believed to be related to neurodegeneration QS[omura and Kitamura, 
1993). The complete mechanism ofhow the NO produced by iNOS leads to neuronal 
death or damage is not clear, but it is likely to be related to the high level ofNO produced 
by the induced enzyme. 
1.4.4 Introduction ofeNOS 
Bioassays indicated that the enzyme that synthesizes the EDRF/^0 has similar 
characteristics with the nNOS enzyme (Ishii et al., 1991; Schmidt et al., 1991; Pollock et 
al., 1991) and this enzyme is subsequently termed the endothelial NOS. This form of 
NOS requires calcium, mostly calmodulin, for stimulation of enzymatic activity and it is 
expressed constitutively in the endothelial cells of vascular tissues. 
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1.4.5 Similarities and differences among isoforms 
In general, all the three isoforms use L-arginine as a substrate and require NADPH 
and 5, 6，7，8-tetrahydrobiopterin as cofactors to produce NO. Li fact, the amino acid 
sequences of brain nNOS, macrophage iNOS and eNOS have consensus sites of FMN-, 
FAD- and NADPH-binding. With respect to gene expression, the neuronal and 
endothelial isoforms are constitutively expressed while the inducible isoform is only 
induced under certain circumstances. Neuronal and endothelial isoforms require calcium 
and calmodulin for their activation (Bredt and Snyder, 1989; Busse and Mulsch, 1990) 
and hence they are calcium/calmodulin-dependent. However, iNOS activity is 
independent of calciuWcalmodulin as it firmly binds calmodulin at rest (Cho et al., 
1992). Overall, the three isoforms share approximately 50% homology with one another 
(Xie et al., 1992; Lammas et al., 1992). Despite the similarities between the three 
isoforms, the different manners in which they produce NO and the different cell types in 
which they are located are responsible for the different functions of the three enzymes. 
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1.4.6 Role ofNO/NOS in neurotransmission (LTP) 
Since the pioneer work of Scoville and Milner in 1957, hippocampus has been 
shown to be important for the memory storage process in human and other mammals 
(Squire, 1992). It has been found that lesion in hippocampus could lead to deficit in 
storing long-term memory (Zola-Morgan and Squire, 1990). Long-term potentiation 
(LTP), a long-lasting increase in synaptic transmission, seems to be the most possible 
candidate for the memory process and such a synaptic potentiation was first demonstrated 
in the hippocampus (Hawkins et al., 1993). Studies showed that LTP occurs in each of the 
three major synaptic connections in the hippocampus, including the synapses between the 
perforant fibers, mossy fibers and Schaffer collaterals (Zalutsky and Nicoll, 1990). The 
LTP in CA1 region ofhippocampus has been studied extensively. 
Other studies indicated that the maintenance of LTP actually involves both 
presynaptic and postsynaptic activation at the synaptic connection (Kullman and Nicoll, 
1992; Larkman et al., 1992; Liao et al., 1992; Voronin et al., 1992) and certain message 
must be sent from the postsynaptic to the presynaptic neurons. Nitric oxide was found to 
be the most possible messenger that contributes to LTP (Bohme et al., 1991; 0'Dell et al, 
1991; Schuman and Madison, 1991; Haley et al., 1992). It was found that inhibitors of the 
enzyme that produced NO (i.e. NOS) blocked the induction of LTP. Subsequently, the 
induction ofLTP involving NO as a retrograde messenger was then proposed (Hawkins et 
al., 1994). 
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The basic components for the induction of LTP involve glutamate, the major 
excitatory transmitter of the hippocampus, and the two classes of receptors on the 
postsynaptic membrane: the N-methyl-D-aspartate O^MDA) glutamate receptors and non-
NMDA receptors. The NMDA receptor channel is blocked by extracellular Mg2+ at the 
resting membrane potential. The cascade of LTP induction begins with a strong and high 
frequency (tetanic) stimulation of the presynaptic neuron. Glutamate is then released to 
activate the non-NMDA receptors and triggers the depolarization of the postsynaptic cell. 
As the postsynaptic membrane is depolarized, Mg2+ is expelled from the channel of the 
NMDA receptors. Ca�+ influx then occurs under concomitant with postsynaptic 
depolarization and activation of NMDA receptor by glutamate. The increase in 
intracellular Ca^ + concentration activates NOS to produce NO. As NO is a diffusible gas, 
it diffuses out ofthe postsynaptic cell and into the presynaptic cell, bi the presynaptic cell, 
NO stimulates guanylyl cyclase to synthesize cyclic guanidino-monophosphate (cGMP), 
which in tum acts as a secondary messenger to activate cGMP-dependent protein kinase. 
It is possible that in the maintenance of LTP, NO acts as a retrograde messenger, 
producing long-lasting enhancement of transmitter release from recently active 
presynaptic terminals by stimulating guanylyl cyclase and cGMP-dependent protein 
kinase continuously. 
The roles of NMDA receptors, guanylyl cyclase and cGMP-dependent protein 
kinase in LTP has been verified (Lynch et al., 1983; Malenka et al., 1988，1992; Zhuo et 
al., 1994). Previous studies have demonstrated a long-lasting potentiation similar to LTP 
in the culture of hippocampal neurons, which is accompanied by a persistent transmitter 
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release from the presynaptic neurons (Bekkers and Stevens, 1990; Malgaroli et al., 1992). 
Despite the above evidence, this is only a working model and some of the points still 
need to be addressed. However, NO or NOS is now widely accepted to play an important 
role in the LTP mechanism and hence the memory process. 
The neuronal form of NOS (nNOS) is thought to be responsible for the synthesis 
of NO and contributes to LTP in the synaptic connection of the hippocampus. However, 
the failure to detect nNOS in CA1 pyramidal neurons by immunohistochemical staining 
(Bredt et al., 1991b)，in situ hybridization (Bredt et al., 1991b) and NADPH diaphorase 
histochemistry (Vincent and Kimura, 1992) contradicted with the electrophysiological 
findings that postsynaptic injections of NOS inhibitors into CA1 cells effectively 
prevented LTP (0'Dell et al., 1991; Schuman and Madison, 1991). These studies only 
revealed that nNOS was only located in occasional intemeurons in the hippocampus. On 
the other hand, recent studies indicated that nNOS is actually present in CA1 pyramidal 
cells. Wendland et al. (1994) detected nNOS in CA1 pyramidal cells 
immunohistochemically by using a rather gentle fixation process. Another technique 
using single-cell PCR has also provided support to this result (Chiang et al., 1994). Apart 
from nNOS, endothelial NOS (eNOS) has also been implicated to participate in LTP in 
the hippocampus. 0'Dell et al. (1994) indicated that hippocampal slices prepared from 
homozygous mutant mice that lacks nNOS gene (Huang et al., 1993) still exhibit LTP, 
and this LTP can be blocked by NOS inhibitors. Studies in the rat showed that eNOS was 
strikingly concentrated in hippocampal pyramidal cells where nNOS was only restricted 
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to a small proportion of neurons (Dinerman et al., 1994). The implications of these 
studies remain to be investigated. 
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1.4.7 Role of NO in neurotoxicity 
Although NO is known to mediate physiological functions such as synaptic 
potentiation, it has also been proposed as a mediator of glutamate neurotoxicity (Dawson 
et al., 1991). Other studies also demonstrated that NO originated from glial cells (from 
iNOS) is involved in neuronal death (Boje and Arora, 1992; Galea et al., 1992; Simmons 
and Murphy, 1992). It has been indicated that there is an accumulation of microglia and 
reactive astrocytes which form NO around neurodegenerative sites in the brain. The 
normal brain does not express this inducible form ofNOS (iNOS) (Salter et al., 1991; 
Lowenstein et al., 1992; Koprowski et al., 1993). However, iNOS can be induced in glial 
cells following appropriate stimulations. A series of studies showed that in human and 
rodents, astrocytes in primary cultures or cell lines exhibited iNOS induction following 
exposure to lipopolysaccharide endotoxin and to a combination of cytokines, such as 
interferon-y (IFN-y), interleukin-ip and tumor necrosis factor-a (Galea et al., 1992; 
Simmon and Murphy, 1992; Lee et al., 1993; Mollace et al., 1993). Microglia, the 
resident macrophages of the brain, was also found to release NO upon such stimulation. 
Recently, Kitamura et al. (1996) reported that iNOS can be induced in rat hippocampus in 
vivo following the injection IFN-y with interferon plus lipopolysaccharide. Apart from 
using endotoxins and cytokines, iNOS can also be induced in glial cells following a 
variety of insults, including kainic acid-induced seizure activity (Wallace and Fredens, 
1992), transient forebrain ischemia (Endoh et al.，1994)，and mechanical injury (Wallace 
and Fredens, 1992). 
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Unlike nNOS that produces low and intermediate amounts of NO for short 
periods of time, iNOS, once induced, forms NO continuously for a sustained period of 
time. This may be explained by the fact that iNOS does not need Ca^^ for its activation. 
The high level NO production may accounts for its cytotoxic action. Ln fact, previous 
studies indicated that the sustained production ofNO by glial cells leads to neuronal cell 
death (Boje and Arora, 1992; Chao et al., 1992, Dawson and Dawson, 1995). 
According to previous studies, the cytotoxic actions of NO can be mediated 
through a variety of ways, such as inhibiting the enzymes of the mitochondrial electron 
transport system, the citric acid cycle, glycolysis (Moncada et al., 1991; Nathan, 1992) 
and damaging the DNA (reviewed in Dawson and Snyder, 1994). 
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1.5 Aim of study 
Aging in the brain has been studied extensively for many years. Among all the 
brain regions, hippocampus is the one most vulnerable to changes in aging, both in 
cellular and circuitry levels. As memory and cognitive function declines with age, one 
might expect to find changes in the hippocampus. Lti the present study, the emphasis has 
been targeted on the enzyme nitric oxide synthase. Both the constitutive form (nNOS) and 
the inducible form (iNOS) were investigated and ICR mice (2-month-old and 25-month-
old) were used as the animal models. 
Previous studies have shown that morphological alterations as well as changes in 
hippocampal synaptic circuitry during aging correlates well with the learning deficits in 
rats (Kadar et al., 1990; Levy et al., 1994). Since NO is believed to be the key neuronal 
messenger in the process of memory through LTP, changes in NO level may affect the 
memory and learning process. However, little is known about age-related changes in the 
activity of NOS, the enzyme that produces NO. As neuronal NOS (nNOS) is expressed 
constitutively, it must play a physiological role in the hippocampal functioning. For most 
of the conventional transmitters such as acetylcholine, their amounts tend to decrease in 
aging (Ossowska, 1993). The aim of the first part of the present study is to explore if 
there is any age-related changes in the distribution of nNOS. 
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As cellular biochemical systems dealing with oxidative stress are altered in the 
normal aging brain (Reiter, 1995), oxidative stress is likely to be one of the causes of 
hippocampal dysfunction during aging. NO generated by nNOS plays a role in 
physiological functions, while NO from glial iNOS can contribute to neuronal oxidative 
stress (Dawson, 1994). It is because NO can react with superoxide to form peroxynitrite, 
which is a neurotoxin. Consequently, high level ofNO produced by induced NOS (iNOS) 
in glial cells can cause neuronal damage. Glial cells in the aging hippocampus show an 
increase in reactivity, suggesting that these reactive cells may indeed play a role in 
neurodegeneration. Besides stimulation by endotoxin and cytokine, iNOS can also be 
induced by mechanical injury and transient ischemia (Regidor et al.，1993; Wallace and 
Bisland, 1994). As iNOS expression has been associated with degeneration of brain 
tissue, it is possible that iNOS expressed in reactive glial cells of aged brain mediates a 
neurotoxic action. The purpose of the second part of the present study is therefore to 
address the question whether such kind of iNOS induction is involved in the mechanism 
of aging in the hippocampus. 
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Chapter 2. Change of nNOS in aging 
2.1 Purpose and approach 
NO, produced by nNOS, has been reported to be the neuronal messenger 
involved in the process of memory and leaming through LTP. As memory deficits 
occurs in aged mammals, nNOS is very likely to be one of the components to be 
altered in the aging mechanism. The purpose of the present study is to find out 
whether there is any change in nNOS in hippocampus during aging. The content of 
nNOS in the hippocampus of both 2-month-old and 25-month-old groups were 
evaluated by two different approaches. 
The first approach was by nNOS immunohistochemistry. Using specific 
antibody, the nNOS proteins in the hippocampal sections could be located by a colour 
reaction. The staining pattem can provide informations on the localization of the 
enzyme and allow the quantitation of the positive cells in certain regions. The second 
approach is the reverse transcription - polymerase chain reaction (RT-PCR). This is a 
method that allowed the comparison of the amount of nNOS messenger RNA 
(mRNA) from the homogenates of the mouse hippocampus of different age. The two 
approaches thus focused on different level of gene expression of nNOS, the 
transcriptional and translational level respectively. 
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2.2 Basic principle of the techigues 
2.2.1 Basic Principle of immunohistochemistry 
tomunohistochemistry using specific antibodies is widely used in the 
identification of certain proteins or constituents in tissues under light microscopy. 
Basically, this technique involves the binding of a specific primary antibody to an 
antigenic site of the protein of interest, followed by the binding of a biotinylated 
secondary antibody to the primary antibody and then the recognition of the biotin 
molecules by the preformed avidin-biotin peroxidase complex. The colour is then 
developed in the presence of a chromogen by the action of the peroxidase in the 
reaction site. This method has been termed as the ABC technique. In the current 
study, antigen retrieval using microwave heating of the tissue sections according 
to Shi et al. (1991) was performed to enhance the staining signal. Although the 
mechanism of the recovery of antigen by this method is still not clear, it is 
believed that the cross-linking of proteins caused by fixation may be altered by 
microwave heating. 
2.2.2 Basic principle of RT-PCR 
Reverse transcription-polymerase chain reaction (RT-PCR) is an 
extremely sensitive method for detecting the expression of a specific gene, or a 
specific sequence, in a tissue. The assay typically provides an answer as to 
whether or not a transcript is being expressed. It can also be used for the 
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quantitation of a particular messenger RNA (mRNA) in the tissue with careful 
considerations in the design of the assays. 
hi the RT-PCR assay, total RNA is first extracted from the tissue, and 
quantified by spectrophotometer at a wavelength of 260 nm. A particular amount 
of total RNA then acts as a template for the synthesis of the complementary DNA 
(cDNA) by the reverse transcriptase using random hexamer as primers and dNTPs 
as extension units. After the reverse transcription reaction, the polymerase chain 
reaction (PCR) is then employed to amplify a segment of DNA that lies between 
two binding regions for two primers. The primers for the synthetic reactions are 
two oligonucleotides which bind to opposite strands of template DNA and frank 
the segment of DNA to be amplified. The template DNA (or the cDNA) is first 
denatured by heating, then cooled to a temperature that allows the annealing of the 
primers to their target sequences, after which the annealed primers are extended 
with Taq polymerase at another suitable temperature. The cycle of denaturation, 
annealing, and DNA synthesis is then repeated many times. Since the products 
from every round can act as templates for the next, the amplification of the RT-
PCR assay has an exponential nature. Afler a particular number of cycles, the 
reaction product is analysed using gel electrophoresis with a molecular weight 
marker to estimate its size and the optical density of the band is then measured by 
a densitometer and reflect the amount of the PCR product. A schematic diagram 
about the general concept of the RT-PCR is shown in figure 2. 
In this case, in order to allow the comparison of the amount of mRNA in 
different samples, an endogenous or internal control is used to standardize the 
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Fig. 2 A schematic diagram showing the concept ofRT-PCR 
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experimental conditions. The most common approach to measure RNA level 
using a control by PCR was first described by Chelly et al in 1988. By 
simultaneously co-reverse transcribing and co-amplifying another transcript as an 
internal standard in the same tube, we can normalize the sample-to-sample 
variations in RT and PCR reaction conditions with respect to this internal control. 
As a result, direct comparison of target RNA levels in separate samples can be 
made. Glyceraldehyde-3-phosphate dehydrogenase (G3PDH) is used as an 
internal control for the current RT-PCR assay. G3PDH is an enzyme that catalizes 
the oxidation and phosphorylation of D-glyceraldehyde-3-phosphate to 1,3-
bisphosphoglycerate in the glycolytic pathway. G3PDH is preferred as a control 
because its transcription levels generally do not change in response to inducing 
agents and remain fairly consistent among most tissues. Therefore, co-amplifying 
the target gene with G3PDH provides not only the standardization of the total 
RNA amount in different samples but also the standardization of the reaction 
conditions in different tubes. 
However, it is critical to ensure that samples should be assayed within the 
exponential phase of the PCR reaction, before the saturation phase when the 
amplification efficiency begins to decrease. Therefore, a calibration should be 
done to monitor exponential ranges of both amplifications and a suitable number 
ofcycles is then chosen for the PCR assay. A calibration curve can be established 
by removing small aliquots from a trial PCR reaction every five cycles during 
amplification. 
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After assaying the RNA sample together with the internal control by a 
particular numbers of PCR cycles within the exponential phase, the relative 
amount of the amplified target product is calculated by using the following 
formula: 
Optical density of target product 
Relative amount of target product = 
Optical density of control product 
After the normalization, the relative amount of target product in different samples 
can be compared directly. 
2.3 Experimental procedure 
2.3.1 nNOS immunohistochemistry 
The animals were anaesthesized by intraperitoneal injection of 
pentobarbital (100 mg/Xg) and perfused with saline solution (0.9% NaCl) through 
the left ventricle followed by 4% paraformaldehyde in 0.1 M phosphate buffer. 
The brain was then removed and fixed ovemight in the same fixative at 4°C. 
Afterwards, the specimens were processed through increasing concentration of 
ethanol (from 70% to 100%) and 2 changes of xylene and 3 changes of paraffin. 
The tissue was finally embedded in a paraffin block in a superior-inferior 
orientation so that horizontal sections of 5 ^im-thick were cut and adhered to 
slides coated with 0.1% gelatin. 
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Six random sections from the hippocampus of each six animals for each of 
the 2-month-old and 25-month-old group were analysed for the nNOS 
immunohistochemistry. All the steps were performed at room temperature unless 
specified. The 5^im-thick paraffin sections were first incubated in a 60°C oven for 
30 min. Then, the sections were dewaxed in 3 changes of xylene, each for 5 min, 
and rehydrated by graded alcohol and distilled water. Afterwards, the sections 
were incubated in 0.3% hydrogen peroxide in methanol for 20 min to block the 
endogenous peroxidase activity. After washing in distilled water for 5 min and 
phosphate buffered saline (PBS) for another 5 min, the sections were subjected to 
microwave treatment to retrieve the masked antigen. The sections were first put 
into a container with IX citrate buffer (8.2 mM sodium citrate, 1.8 mM citric acid, 
pH 6.0)，and then heated in a microwave oven with standard settings for 10 min. 
The 10-min heating time was divided into two 5-min cycles with 1-min interval to 
refill the buffer to its original level. After heating, the container was taken out 
from the oven and allowed to cool for at least 30 min. The sections were then 
washed in PBS twice for 5 min each and ready for the procedure of 
immunostaining. 
For the subsequent procedure of immunostaining, the reagents were from 
® 
the Vectastain ABC-Peroxidase Kit (Vector, CA). First, 5% goat normal serum 
(Vector, CA) was applied to the sections and incubated for 1 hr. After blocking of 
non-specific binding sites by normal serum, the sections were incubated with 
primary antibody, i.e., antibody against porcine neuronal NOS (diluted, 1:1000, 
Alexis, CA) ovemight at 4°C. The sections were washed in three changes of PBS, 
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each for 10 min. In the following steps, the same washing procedure is carried out 
after each incubation. Biotinylated anti-rabbit IgG antibody (1:200，Vector, CA) 
was applied onto the sections for 1 hr and the sections were then incubated with 
avidin-biotinylated peroxidase complex (Vector, CA) for 1 hr. The color was then 
developed by incubation with 50mM Tris-Cl buffer, pH 7.6，containing 0.006% 
hydrogen peroxide and 0.05% 3,3 ‘-diaminobenzidine (DAB). After several 
minutes, the sections were washed in PBS and then distilled water, dehydrated 
through graded series of alcohol, cleared in xylene and finally mounted by 
Permount® (Fisher Scientific, NJ). Negative control was done by using PBS 
instead of the nNOS antibody. 
2.3.1.1 Counting procedure 
The pyramidal layer was first divided into four parts - the CA3, CA2, CA1 
region and the subiculum. Under microscopy, the counting area for each of the 
above regions was found to be exactly the size of a complete field at 
magnification of 200x. Only the positive cells inside the pyramidal layer were 
counted. Therefore, the whole length of the pyramidal layer constituted four 
individual 200x views. Then, comparisons of each region between the two age 
groups were made statistically using paired Student's r-test. 
2.3.2 Reverse Transcription - Polyermase Chain Reaction (RT-PCR) of nNOS 
and G3PDH 
Five mice from each of the 2-month-old and 25-month-old group were 
perfused with 100 ml of saline solution (0.9% NaCl) through the left ventricle 
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under anesthesia with sodium pentobarbital (100 mgyTKg，i.p.). The brain was then 
removed and the hippocampi were dissected out. Total RNA was extracted by 
using Trizol reagent (Life Technologies, MD), according to manufacturer's 
procedure by the modified method of Chomczynski and Sacchi (1987). The tissue 
was homogenized in the Trizol reagent by repeated passage through a 19G syringe 
needle followed by a 25G needle. The homogenate was allowed to be incubated at 
room temperature for 5 min. Then, 200^il of chloroform was added to the 
homogenate and the mixture was shaked vigorously for 15 seconds. After another 
3 min incubation at room temperature, the aqueous phase and organic phase was 
then separated by centrifugation at 12,000 xg for 15 min at 4°C. The supematant, 
i.e. the aqueous phase, was transferred to another Eppendorf tube and an equal 
volume of isopropyl alcohol was added. After mixing, the mixture was incubated 
at room temperature for 10 min for the RNA to precipitate. The RNA pellet was 
obtained by centrifugation at 12,000 xg for 10 min at 4°C. The supematant was 
removed and the pellet was washed by 70% ice-cold ethanol. The pellet was then 
dried by a vaccum dryer and dissolved in about 30 |il of DEPC-water. The 
resuspended RNA was quantified by a spectrophotometer at 260nm. The RNA 
sample was then stored at -70°C until use. 
The reverse transcription polymerase chain reaction (RT-PCR) was 
performed by using the GeneAmp RNA PCR kit (Perkin Elmer, CA). All the 
procedures are according to the manufacturer's recommended protocols. The 
reverse transcription (RT) was first done by preparing a reaction mixture 
including the RNA sample. The mixture consisted of l^g of total RNA, lmM 
each of the four deoxynucleotide triphosphates (dGTP, dATP, dTTP, dCTP), 
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lU/^il of RNase inhibitor, 2.5 U/^il ofMuLV reverse transcriptase and 2.5 |aM of 
random hexamers in 20 i^l of 100 mM Tris-HCl (jpU 8.3)，5 mM MgCl2 and 50 
mM KC1. The mixture was incubated for 10 min at room temperature and then 60 
min at 42°C to allow the extension of the hexameric primers by reverse 
transcriptase to synthesize the cDNA. Afterwards, the mixture was heated at 99°C 
for 5 min to inactivate the reverse transcriptase and to prevent it from inactivating 
the Taq polymerase in the following step. After cooling in ice for 5 min, the 
cDNA in the reaction mixture was then processed for the polymerase chain 
reaction (PCR). 
The cDNA obtained from the reverse transcription reaction was processed 
for RT-PCR of nNOS mRNA with G3PDH as an internal control and employing 
two different pairs of specific primers for nNOS and G3PDH respectively (Life 
Technologies, MD). The primers for nNOS and G3PDH were designed to amplify 
a 693-bp fragment of the published sequence for mouse nNOS (GENBANK, 
accession number D14552; Ogura et al., 1993) and a 452-bp fragment of the 
sequence for human G3PDH (GENBANK, accession number X01677(h); 




5'-TTC AAC TAC ATC TGT AAC CA-3' 
Antisense: 




5'-ACC ACA GTC CAT GCC ATC AC-3' 
Antisense: 
5'-TCC ACC ACC CTG TTG CTG TA-3' 
A reaction mixture for PCR amplification was then prepared. It consisted 
of the 20 \i\ of reverse transcription reaction product, 20 pmole/^il each of the 
sense and antisense primers for iNOS, 8 pmole/^il for G3PDH, 2.5 U/lOOfo,l ofTaq 
polymerase in 100 i^l of 100 mM Tris-HCl (pH 8.3), 2 mM MgCl2 and 50 mM 
KC1. lOOjil of mineral oil was added on the top of the mixture to prevent 
evaporation during the PCR process. The mixture was then incubated in a PCR 
T^X>f 
instrument system (MJ Research, Inc. with the model number PTC-100 
Programmable Thermal Controller) to initiate the PCR reaction. Before starting 
the PCR cycles, the mixture was heated to 95°C for 2 min to ensure the complete 
melting of the template DNA. The profile of the thermal cycle used was: 1) 
denaturation at 95°C for 1 min; 2) annealing at 55°C for 1 min and 3) extension at 
72°C for 1 min. The cycle was repeated for a certain times and 10 i^l of the PCR 
products were electrophoresed on a 1.2% agarose gel in lxTBE with 0.2 mg/ml 
ethidium bromide. The result was then analysed under UV illumination and 
photographs were taken. For the calibration, a double volume of master mix for 
both the RT and PCR reaction was prepared and 10 i^l of the reaction mixture was 
taken out for gel electrophoresis every five cycles during amplification. After the 
calibration, a particular number of PCR cycles was chosen in the exponential 
range of the calibration curve for the assay. Afterwards, the PCR products were 
quantified after the amplification by the chosen number of cycles. 
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2.4 Result 
2.4.1 nNOS immunohistochemistry 
For the stainings of both the 2-month-old and 25-month-old groups, the 
nNOS-stained positive cells were mainly localized in the pyramidal layer 
(including the subiculum) and the granule cell layer in the dentate gyrus (Figure 
3). Besides, a small proportion of positive cells were found in the stratum 
radiatum, the stratum lacunosum-moleculare and the parahippocampal cortex 
(Figure 4). The stained cells could be roughly divided into three types. The most 
common one (type I) was the darkly stained cells located in the pyramidal layer 
and particularly in the subiculum region (Figure 5a). The less common type (type 
11) was the cells with large cell bodies and moderately stained cytoplasm (Figure 
5b). The last type (type III) is the very intensely stained cells with few processes 
and were found mainly in the parahippocampal cortex (Figure 4). By morphology, 
the type I cells were mostly intemeurons and types II and III were pyramidal cells 
in pyramidal layer and pyramidal cells in parahippocampal cortex respectively. 
In this work, only the positive cells that were localized in the pyramidal 
layer were considered. In the hippocampus, the nNOS-stained positive cells did 
not seem to have a specific regional distribution. They were scatterly along the 
whole length of pyramidal layer. Compared to the other regions, the subiculum 
(next to CA1 region) had a rather consistent positive staining, and these positive 
cells were mainly the darkly stained cells (type I). In the CA1 region, a few 
weakly stained type II cells could be seen. 
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Figure 3a. A 2-month-old hippocampus after nNOS immimohistochemistry, 50 X 
Note that the positive signals were mainly located in the granule cell layer 
of the dentate gyrus and pyramidal layer. DG = dentate gyrus, SUB = 
subiculum. (Scale bar 二 200jjin) 
Figure 3b. A 25-month-old hippocampus after nNOS immunohistochemistry, 50X 
Note that the positive signals were much weaker than that of the 2-month-
old hippocampus. (Scale bar = 200^m) 
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Figure 4. A few intensely stained cells (type III) with processes in the parahippo-
campal cortex, 200 X. SO = Stratum Oriens; CX = cortex 
(Scale bar = lOO i^m) 
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Figure 5a. CA1 region of the hippocampus of a 2-month-old mouse after nNOS 
immunohistochemistry, 200 X. Arrows point to some of the darkly 
stained and thinner cells (type I cells) in the pyramidal layer with 
processes projecting towards the stratum radiatum. SR = Stratum 
Radiatum; SP = Stratum Pyramidal; SO = Stratum Oriens. 
(Scale bar = lOO i^m) 
Figure 5b. CA1 region of the hippocampus of a 25-month-old mouse after nNOS 
immunohistochemistry, 200X. Arrows indicate some of the faintly 
stained oval cells (type II cells). Note the sparse distribution of this 
type of cells. SR = Stratum Radiatum; SP = Stratum Pyramidal; 


















































































































































































































































































































In general, the staining of the 25-month-old hippocampus was much 
weaker than that of the 2-month-old hippocampus as shown in figure 3. The 
quantitative comparison was done by counting the positive cells in the pyramidal 
layer of both the 2-month-old and the 25-month-old hippocampi. Four different 
regions (the CA3, CA2, CA1 region and subiculum) were counted separately. The 
result of this analysis was shown in figure 6. Significant decreases in positive cells 
were found in the all the regions except the CA1 region. The percentage decreases 
of the nNOS-positive cells across the age in different regions were shown below: 
— CA3 CA2 CA1 Subiculum Total 
~/o decrease 75.21% 86.02% 41.60% !51.69% |64.49o/o 
As far as the total numbers of the nNOS positive cells were concerned, the aged 
group showed a significant decrease in their hippocampus as compared to the 
young group. 
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Figure 6. A histogram showing the quantitative comparison of the nNOS positive 
cells in different regions ofthe hippocampus between the 2-month-old 
and the 25-month-old groups. The error bars represent SEM and the 
asterisks (*p<0.05) denote significance of the difference between the 



























































































































2.4.2 RT-PCR ofnNOS 
2.4.2.1 Calibration of the RT-PCR analysis 
The result of the gel electrophoresis of the RT-PCR products after 
different cycles is shown in figure 7. Two bands were obtained in each lane - the 
one with an approximate size of 693-bp corresponded to nNOS while the one with 
a size of 452-bp corresponded to G3PDH. From the gel, the intensities of the 
bands corresponding to the nNOS and G3PDH increased with the cycle number. 
The bands for both enzymes could only be seen at and after the twentith cycle and 
at the twentith cycle, the band for G3PDH was brighter than that for nNOS. After 
measuring the intensities of the bands by densitometer, a calibration graph was 
obtained by plotting the optical densities of both enzymes against the cycle 
numbers on the same graph. Figure 8 showed the calibration graph for both nNOS 
and G3PDH. From the graph, the amplification of nNOS and G3PDH began to 
saturate at about 40 cycles and 30 cycles respectively. The G3PDH mRNA 
seemed to be more abundant than nNOS mRNA as observed from the calibration 
graph. At 25 cycles, both amplifications were still within the exponential range. 
Hence, the quantitative RT-PCR assay was done by running the samples for 25 
cycles of the PCR reaction. 
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Figure 7. The result of the calibration of RT-PCR analysis of nNOS with 
G3PDH as an internal control. The PCR products after different 
cycles of amplification were analysed in a 1.2% agarose gel stained 
with ethidium bromide. Lane 1 is the 100-base pair ladder 
(molecular marker); Lane 2，3, 4，5, 6 and 7 are the products after 10， 
20, 25, 30，35 and 40 cycles of amplification respectively. The bands 
with approximate sizes of 693 bp correspond to nNOS while the 
bands with sizes of 452 bp correspond to G3PDH. 
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Fig. 8 The calibration curve of the co-amplification of 
nNOS and G3PDH by RT-PCR 
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2.4.2.2 Co-amplification of nNOS and G3PDH after 25 cycles 
The result of the gel electrophoresis of the RT-PCR products was shown 
in figure 9. As in the calibration, only two bands were obtained in each sample, 
corresponding to nNOS (693-bp) and G3PDH (453-bp) respectively. By 
densitometry, the optical densities of the bands for nNOS and for G3PDH of the 
2-month-old and 25-month-old group were measured. After normalization using 
the formula stated in section 2.2.2, the relative amount of the nNOS mRNA ofthe 
two aged groups were then calculated. Figure 10 shows the result of the 
comparison of the average relative optical densities between the two aged groups. 
No significant difference was found. Therefore, the result demonstrated that the 
amount of nNOS mRNA did not change in the two age groups. 
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Figure 9. The result of the RT-PCR analysis of nNOS with G3PDH as an 
internal control after 25 cycles of amplification. Lane 1 is the 100-base 
pair ladder; Lanes 2 to 6 are the five samples of2-month-old hippocampus; 
Lanes 7 to 11 are the five samples of25-month-old hippocampus. Note 
that the intensities of the bands which correspond to the G3PDH and 
the nNOS do not vary much amongst samples in both groups. 
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Figure 10. A histogram showing the quantitative comparison of the RT-PCR 
products of nNOS of the hippocampus between the 2-month-old and 
the 25-month-old groups. The error bars represent SEM. Note that 



































































































Chapter 3. Expression of iNOS in aging 
3.1 Purpose and approach 
The main objective of this study is to find out if there is a differential 
expression of iNOS between young and old mouse hippocampus. Based on the 
previous findings and past literature as reviewed in section 1.5, iNOS is very iikely to 
be involved in the neurodegeneration mechanism of aging. Our goal was achieved by 
two approaches. Firstly, immunohistochemistry using antibody specific for iNOS was 
performed to locate the enzymes (i.e. cells containing the iNOS) and study the change 
in distribution between the different age groups. Secondly, RT-PCR analysis was 
carried out to verify the expression of the iNOS in aged hippocampus. 
3.2. Experimental procedures 
3.2.1 iNOS immunhistochemistry 
Jn this experiment, six random sections from each of the same six animals for 
each groups were analysed. The procedure for iNOS immunohistochemistry was 
exactly the same as that of the nNOS, except that a rabbit antibody against purified 
mouse macrophage iNOS (diluted, 1:200, Alexis, CA) was used as the primary 
antibody instead of the antibody for nNOS. Negative control was done using PBS 
instead of the primary antibody. 
50 
3.2.2 RT-PCR analysis of iNOS 
Four animals were analysed for both the 2-month-old and 25-month-old 
groups and the total RNA was extracted from hippocampus from both sides of the 
brain. The experimental procedure for the RT-PCR analysis of iNOS was the same as 
that of nNOS with slight modifications. Since in this case, whether there was an 
expression of iNOS or not in different age groups was the critical point we were 
looking at and no quantitation is required, the use of an internal control as a standard 
was not necessary. Moreover, as iNOS transcripts were to be amplified in this case, 
another pair of primers specific for iNOS were employed. The profile of the thermal 
cycle was also changed to favour the amplification of the iNOS transcripts. 
Two modifications were then made: (1) In the PCR master mixture, 13 
pmole/p,l each of the sense and antisense primers for iNOS were added instead of the 
two pairs of primers for both nNOS and G3PDH. The two primers were designed to 
amplify a 818-bp fragment at the 5’ end of the published sequence for mouse 
macrophage iNOS (GENBANK, accession number M84373; Lyons et al., 1992). The 
sense and antisense primer contained 24 mers and have the following sequences: 
Sense: 
5'-ATG GCT TGC CCC TGG AAG TTT CTC-3' 
Antisense: 
5'-CCT CTG ATG GTG CCA TCG GGC ATC-3' 
(2) The temperature profile for the PCR reaction was changed to : 1) 94°C for 1 min; 
•k 
2) 62°C for 1 min; 3) 72°C for 1 min. The cycle was repeated for 35 times and 10|al of 
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the products were analysed on a 1.2% agarose gel in lx TBE with 0.2mg/ml ethidium 
bromide. 
3.3 Result 
3.3.1 iNOS immunohistochemistry 
Sections of hippocampi from both 2-month-old and 25-month-old age groups 
were examined after iNOS immunohistochemistry under light microscopy, t i general, 
stainings were weak in both cases, however, compared to younger group, a number of 
positive cells can be seen in several regions of the hippocampus of the aged group 
(Figure 11-14). The iNOS-stained positive cells were distributed mostly in the stratum 
oriens (Figure 11)，followed by the stratum lacunosimi-moleculare (Figure 12) and the 
fimbria (fornix) (Figure 13). The dentate gyrus also contained a few positive cells 
(Figure 14). Not all of the six old animals exhibited the same amount of positive 
signal, two of them showed a rather low signal intensity compared to the others in the 
same group. However, when compared to the aged group, the younger group showed 
an almost absence of iNOS inununoreactivity (Figure 15). No positive cell could be 
seen in stratum lacunosum-moleculare, dentate gyrus, but very faint and indiscrete 
stainings were observed in the stratum oriens and fimbria occasionally. Such 
inconspicuous staining was not regarded as positive signal for the iNOS 
immunohistochemistry in this study. 
The iNOS-stained positive cells did not look like neurons by morphology. This 
was also suggested by the positions ofthese positive cells, which were not located in 
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Figure 11 a. A 25-month-old hippocampus showing positive cells located in 
the stratum oriens after iNOS immunohistochemistry, 200 X. 
Arrows point to some ofthe positive cells. SP = Stratum Pyramidal; 
SO 二 Stratum Oriens. (Scale bar = lOO i^m) 
Figure 1 lb. A higher magnification (400 X) showing the same region as in 
figure 1 la. Arrowheads indicate some positive cells. Note the 
morphologies ofthe positive cells, which look like astrocytes. 
(Scale bar = 50 i^m) 
Figure 12. A 25-month-old hippocampus showing the stratum lacunosum-
‘ moleculare, 200 X. Arrows point to some of the positive cells. 
SLM = Stratum Lacunosum-Moleculare. 
(Scale bar = 100 i^m) 
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Figure 13. A 25-month-old hippocampus showing the fimbria region after iNOS 
immunohistochemistry. Arrows indicate some positive cells in the 
fimbria, 200 X. SO = Stratum Oriens; SP = Stratum Pyramidal; 
FB = Fimbria. 
(Scale bar 二 100 |am) 
Figure 14. A 25-month-old hippocampus showing a high magnification ofthe 
granule cell layer of the dentate gyrus after iNOS immunohisto-
chemistry, 400X The arrowhead points to an intensely stained cell 
which is most likely astrocyte by morphology. Note that the dentate 
gyrus contained very less amount of positive cells. GCL = Granule Cell 
Layer; DG = Dentate Gyms. 
(Scale bar = 50 i^m) 
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Figure 15a,b. A 2-month-old hippocampus showing no positive signal after the 
iNOS immunohistochemistry in the stratum oriens (a) and stratum 
lacunosum-moleculare (b), 200 X. SO = Stratum Oriens; SP = 
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pyramidal nor granule cell layer. These positive cells, according to their sizes and 
numerous processes, looked like the astrocytes. 
3.3.2 RT-PCR analysis of iNOS 
For the 25-month-old group, 3 out of 4 samples showed a band with a size of 
818-bp, which corresponds to the PCR product of iNOS. However, the intensities of 
the bands varied from one to another. For the 2-month-old group, only 1 out of 4 
samples showed a very weak band with the correct molecular size. Figure 16 shows 
the result of the RT-PCR analysis. Based on the classification that '+' denoted 
positive and '- ' denoted negative and more '+'s meant an increased intensity, the 
result could be presented as follows: 
2 months 25 months 
Sample 1 - -
Sample 2 - + 
Sample 3 - ++ 
Sample 4 + ++++ 
From the above observation, 75% of the aged hippocampi expressed iNOS mRNA 
and only 25% of the hippocampi of the young animals expressed the same mRNA. A 
higher amount of iNOS mRNA in the aged group was therefore evident. 
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Figure 16. The result ofthe RT-PCR analysis ofiNOS. The PCR products from 
both groups were analysed in a 1.2% agarose gel stained with 
ethidium bromide. Lane 1 is the 100-base pair ladder; lane 2 is the 
PCR product ofthe 2-month-old sample and lane 3 is the PCR product 
ofthe 25-month-old sample. The band at a molecular weight of about 
818 bp corresponded to iNOS. Note that a very strong band can be seen 
in the 25-month-old sample. 
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Chapter 4. Verification of the RT-PCR product 
ofiNOS 
4.1 Purpose and approach 
After the RT-PCR assay for the iNOS mRNA, the specificity of the amplified 
product had to be established by estimating the size of the fragment in an agarose gel 
stained with ethidium bromide. Although the product had the same size as expected 
(i.e. 818-bp), there was still a possibility that the amplified product corresponded to 
another transcripts which also involved the binding sites for the primers. Therefore, 
further verification of the product should be performed. In this case, DNA digestion 
by restriction enzymes was employed to further verify the specificity of the PCR 
product. Unlike the nNOS which has been frequently documented in the 
hippocampus, the iNOS has not been previously reported in the normal hippocampus 
and therefore a verification of the iNOS PCR product was necessary to ensure its 
expression. 
4.2 Basic Principle 
A particular restriction enzyme recognizes and cuts a particular sequence 
which usually involves several bases. According to the published sequence of 
mouse macrophage iNOS mRNA (Lyons,C.R et al., 1992, GENBANK Accession 
M84373), the restriction sites for different kinds of restriction enzymes can be 
mapped out over the whole length of the RT-PCR product with computer. The 
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result ofthe mapping showed that the 818-bp product involves many recognition 
sites for many different kinds of restriction enzymes, and most of these enzymes 
have more than one restriction site on the sequence. However, only two of them 
were chosen- BamHI and Sac 1. The reason for choosing them was that the 
fragments they produce can be easily distinguished in gel electrophoresis because 
oftheir sizes. The following figure shows the restriction sites for both enzymes in 
the sequence as well as the fragments they produced. 
Enzyme restriction site Ladder map Fragments 
produced 
BamHI G'GATC C 80 160 240 320 400 480 560 640 720 800 2 
fragments 
C CTAG'G / 591-bp 
227-bp 
SacI G AGCT'C 80 160 240 320 400 480 560 640 720 800 3 
fragments 
CTCGA G — / / 399-bp 
141-bp 
278-bp 
The expected sequence of the RT-PCR product of iNOS mRNA is shown 
below, with the primer sequences in italic, BamH I recognition site is underlined 
by a single line and Sac I recognition site are underlined by double lines. The 
restriction site is denoted by a symbol (，) and the number on the left is the base 
count of the complete sequence of the iNOS mRNA. 
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181 atggct tgcccctgga agtttctctt caaagtcaaa tcctaccaaa gtgacctgaa 
241 agaggaaaag gacattaaca acaacgtgaa gaaaacccct tgtgctgttc tcagcccaac 
301 aatacaagat gaccctaaga gtcaccaaaa tggctccccg cagctcctca ctgggacagc 
361 acagaatgtt ccagaatccc tggacaagct gcatgtgaca tcgacccgtc cacagtatgt 
421 gaggatcaaa aactggggca gtggagagat tttgcatgac actcttcacc acaaggccac 
481 atcggatttc acttgcaagt ccaagtcttg cttggggtcc atcatgaacc ccaagagttt 
541 gaccagagga cccagagaca agcctacccc tctggaggagjstlfictgcctc atgccattga 
601 gttcatcaac cagtattatg gctcctttaa agaggcaaaa atagaggaac atctggccag 
661 gctggaagct gtaacaaagg aaatagaaac aacaggaacc taccagctca ctctggatga 
721 gct,catcttt gccaccaaga tggcctggag gaatgcccct cgctgcatcg gcag'gatcca 
781 gtggtccaac ctgcaggtct ttgacgctcg gaactgtagc acagcacagg aaatgtttca 
841 gcacatctgc agacacatac tttatgccac caacaatggc aacatcaggt cggccatcac 
901 tgtgttcccc cagcggagtg acggcaaaca tgacttcagg ctctggaatt cacagctcat 
961 ccggtacgct ggctacca^fl tgcccgatgg caccatcaga gg  
Li our case, to verify if the amplified product was iNOS, restriction 
digestion using the above two enzymes could be performed separately to see if the 
fragments obtained in both cases are the same as expected. Although this method 
is not as precise as other method such as DNA sequencing, the current method 
could still provide an additional support to the specificity of the RT-PCR assay 
and had been used frequently in the literature (Cullinan and Koos, 1993). 
4.3 Experimental procedure 
4.3.1 Elution of PCR product from PAGE 
20 i^l of the iNOS PCR product was loaded onto a 5% polyacryamide gel 
(PAGE) together with an appropriate molecular weight marker. The gel was run at 
80V for 1.5 hr and then stained by Ethidium Bromide (0.5 i^gy'ml in lXTBE) for 20 
min. The gel was analysed under UV illumination and the band corresponding to 
the iNOS PCR product, which is 818bp in size, was excised out. The gel fragment 
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containing the band was chopped into several pieces and put into an eppendorf 
tube with 200^1 of elution buffer (0.5M ammonium acetate, lmM EDTA, pH8.0) 
inside. The mixture was incubated at 37®C ovemight with gentle shaking. The gel 
pieces were spinned down by a brief centrifugation and the supematant was 
transferred to another eppendorf tube. The polyacryamide gel fragments were 
rinsed with an additional lOOp,l of elution buffer and the two supematant were 
combined. DNA was then precipitated with 2 volume of 100% ethanol at -20°C 
for 1 hr. The DNA pellet was obtained by centrifugation for 10 min at 13,000 xg 
and then redissolved in 200^1 ofTE buffer (lOmM Tris-Cl, lmM EDTA, pH 8.0). 
20^il of 3M sodium acetate, pH 5.2 and 2 volume of 100% ethanol were added 
and the mixture was incubated at _ 20°C for another hour. Pellet was recovered 
again by centrifugation for 10 min at 13,000 xg. The pellet was rinsed by 70% 
ethanol, then air dried, and finally resuspended in an appropriate amount of TE 
buffer. 
4.3.2 Restriction Digestion of the eluted PCR product 
The reaction mixture was prepared as follows: 
Eluted PCR product 1 O^ il 
Buffer E / J * 1.2|il 
BamHI/SacI * _ M 
Total Volume 12.2p,l 
* The restriction enzymes and the buffers were from Promega, WI. 
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The reaction mixture was then incubated at 37°C for 5 hr. The digestion 
result was analysed by a 1.5% agarose gel stained by ethidium bromide under UV 
illumination. The molecular sizes of the DNA fragments generated after digestion 
were deduced by comparing the bands with an appropriate molecular weight 
marker. 
4.4 Result 
Li the case ofBamH I restriction digestion, fragments with sizes of about 592-
bp and 227-bp were obtained (Figure 17a). While for Sac I，fragments with sizes of 
about 399-bp, 278-bp and 144-bp were obtained (Figure 17b). The products digested 
by both restriction enzymes showed the same sizes as expected respectively from the 
restriction map. Therefore, the 818-bp amplified product could be concluded, to a 
greater extent, to have the same sequence as part of sequence (185-1002) of the 
reported mouse macrophage iNOS mRNA. 
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Figure 17a. The result of the Bam HI restriction digestion of the iNOS PCR 
product. The digested products were separated in a 1.5% agarose 
gel and stained with ethidium bromide. The bands with an approxi-
mate size of592-bp and 227-bp respectively are the expected 
digested products according to the restriction map. 
Figure 17b. The result of the Sac I restriction digestion of the iNOS PCR 
product. The digested products were separated in a 1.5% agarose 
gel and stained with ethidium bromide. The bands with an approxi-
mate size of399-bp, 278-bp and 144-bp respectively are the expected 
digested products according to the restriction map. 
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Chapter 5. Identification of the iNOS-positive cells 
5.1 Purpose and approach 
From the result of iNOS immunohistochemistry, iNOS was found to be 
expressed in certain regions in aged hippocampus. From morphology, they were likely 
to be astrocytes, a kind of glial cells. The purpose of this part of study was to identify 
the specific cell type in which iNOS was expressed. This was studied by performing 
two subsequent immunostaining procedures using different primary antibodies and 
different colour substrates on the same aged hippocampal sections, hi this experiment, 
iNOS-positive cells were first localized by iNOS immuno-histochemistry with a 
brown colour reaction product, and then astrocytes were stained as a blue color 
reaction product by a subsequent immunostaining using anti-GFAP antibody. 
Therefore, an astrocyte which expressed iNOS could be identified by monitoring both 
the brown and blue colour end products. 
5.2 Experimental procedure 
-Double staining ofiNOS and GFAP 
Sections were first stained for iNOS using the standard protocol described 
previously in section 2.3.1 and subsequently for GFAP. After the colour development 
by DAB in the first staining, the sections were washed thoroughly in distilled water 
several times and then in PBS. The sections were then subjected to a second staining 
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for GFAP. In the second staining, although all the conditions and incubation time are 
the same, most of the antibodies and reagents were different. Monoclonal GFAP 
antibody raised from mouse (Chemicon, CA, 1:300) was used as primary antibody and 
anti-mouse biotinylated IgG as secondary antibody. Alkaline phosphatase was used as 
the reporter enzyme instead of peroxidase by adding the avidin-biotinylated alkaline 
phosphatase complex (Vector, CA) after incubation with the secondary antibody. 
After a brief wash in 100mM Tris-Cl Q)H 9.5)，the sections were incubated with a 
colour substrate prepared from the alkaline phosphatase substrate kit IV (BCIPyHSfBT) 
(Vector, CA). According to the manufacturer's instruction, the substrate was prepared 
by mixing one drop of 4-nitroblue tetrazolium chloride O^BT), one drop of 5-bromo-
4-chloro-3-indolyl-phosphate (BCIP) and one drop of magnesium chloride (MgCl2) 
provided in the kit in 2.5 ml of 100mM Tris-Cl (pH 9.5). After a 15-min colour 
development (preferably in the dark), the sections were washed in water, dehydrated 
® 
and mounted in Permount . 
5.3 Result 
The distribution of the iNOS-positive cells in the double-stained sections was 
similar to the previous observation in the single iNOS immunohistochemistry. The 
GFAP-stained blue cells, or the astrocytes, were much more abundant when compared 
to the iNOS-positive cells. Co-localization of the two proteins in the same cells could 
be found in the stratum oriens, the stratum lacunosum-moleculare and the fimbria 
(Figure 18). All the cells that stained for iNOS were the GFAP-stained astrocytes, 
suggesting that the iNOS was restricted in the astrocytes in the mouse hippocampus. 
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Figure 18. The result ofthe double labeling ofiNOS and GFAP. The double-
stained cells were located in the stratum oriens ⑷，stratum lacunosum-
moleculare (b) and the fimbria (c). Arrowheads point to the cells that 
stained for both iNOS and GFAP. Note that both the blue and brown 
colour can be observed in these cells in which the blue colour 
represents GFAP staining and the brown colour represents iNOS 
staining. SO = Stratum Oriens; SP = Stratum Pyramidal. (Scale bar in 

































































































































































































































































































































































































































































































































































































Chapter 6. Quantitation of astrocyte in 
aging hippocampus 
6,1 Purpose and approach 
The results in the previous sections indicated an increase in iNOS expression 
in hippocampus of aged mice. Moreover, the double labeling of iNOS and GFAP 
revealed that all these iNOS-positive cells were actually astrocytes. Astrocyte itself is 
one of the cells that has been reported to change significantly during aging (Goss et 
al., 1991;Nichols et al., 1993; Wagner et al., 1993; Sugaya et al., 1996; Nomura et al., 
1996). The increase in iNOS expression in astrocytes may be associated with a change 
in the number or the reactivity of astrocytes in aging hippocampus. Two questions are 
then arised: 1) does an increase in iNOS expression in aging hippocampus correlates 
with an increase in the number of astrocytes? and 2) is there any regional difference in 
the increase in number of astrocytes in the hippocampus during aging? 
GFAP immunohistochemistry was used to stain the astrocytes in the 
hippocampus of both 2-month-old and 25-month-old groups. The number of the 
GFAP-stained astrocytes were counted and comparisions were made between 
hippocampal regions of these two groups of animal as described in the previous 
sections. 
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6.2 Experimental Procedure 
Six sections from the hippocampus of every six animals for each group were 
stained for GFAP. The procedure for the GFAP immunohistochemistry was the same 
as the standard protocol described above. However, in this case, monoclonal anti-
mouse GFAP antibody (1:300, Chemicon, CA) was used as the primary antibody. 
DAB was used as the colour substrate and the positive cells (i.e. astrocytes) were 
stained as brown colour reaction product. The stained sections were then 
counterstained by cresyl violet QMissl staining) and the number of positive cells were 
counted under light microscopy. 
6.2.1 Counting procedure 
Counting was done on several specific regions involving the dentate gyrus, 
stratum oriens, stratum pyramidal, stratum radiatum and stratum lacunosum-
moleculare. The quantitation was done by counting the number of positive cells in the 
whole field with a 200x magnication under a microscope. For the dentate gyrus and 
stratum lacunosum-moleculare, the region was covered entirely by the 200x field and 
all the positive cells under the view were counted. For the other areas, i.e. the stratum 
oriens, pyramidal and radiatum, the astrocytes were quantified by combining the 
counts in three individual fields (200x magnification) along the Ammon's hom which 
completely covered CA3 to CA1, Only the relevant stratum (e.g. stratum oriens, 
pyramidal, radiatum) in a particular field was counted while any other strata in the 
field were not included in this counting. 
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6.3 Result 
The staining results of the 2-month-old and 25-month-old groups were shown 
in figure 19 and figure 20 respectively. In general, in the hippocampus of both 2-
month-old and 25-month-old group, the stratum lacunosum-moleculare contained the 
largest number of astrocytes, followed by the dentate gyrus, stratum orien and then the 
stratum radiatum. The stratum pyramidal contained the least amount of astrocytes. It 
was important to specify that in this quantitation study, the total number of astrocytes 
in a particular region was computed. Therefore, the data did not indicate the densities 
of astrocytes in these regions. 
The 25-month-old group showed a significant increase in astrocyte number in 
the dentate gyrus, stratum oriens, stratum pyramidal, and stratum radiatiun, while only 
an insignificant increase was seen in the stratum lacunosum-moleculare. The 
comparison of the astrocyte number between the two age groups was shown in figure 
21. The asterisks in the figures indicated significant difference P<0.05 by Student's t-
test. The following table represents the percentage increase of astrocyte number in 
different regions of the aged hippocampus: 
Dentate Stratum Stratum Stratum Stratum 
Gyrus Oriens Pyramidal Radiatum L-M  
% increase~~44.88 % 43.63 % 521.05 % 162.71 % 21.04% 
in aging  
Among the above regions, the stratum pyramidal showed the most significant 
change between the aged and the young hippocampus. A very distinct difference was 
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Figure 19a. The whole hippocampus of the 2-month-old group after immuno-
stained for GFAP and counterstained with cresyl violet, 50 X. Note 
that the GFAP-stained astrocytes were mainly located in the stratum 
lacunosum-moleculare. (Scale bar = 200 ^m) 
Figure 19b. A higher magnification of the CA2 region of the same hippocampus, 
200 X. Note that there are very few astrocytes in the three layers. 
SR = Stratum Radiatum; SP = Stratum Pyramidal; SO = Stratum 
Oriens. (Scale bar = 100 ^m) 
Figure 19c. Another high magnification of the same hippocampus showing 
the stratum lacunosum-moleculare, 200 X. Note that the astrocytes 
is more abundant in this layer rather than the three layers shown in 
figure 19b. (Scale bar = lOO i^m) 
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Figure 20a. A 25-month-old hippocampus after stained for GFAP and counter-
stained with cresyl violet, 50 X. Note that the astrocytes are 
distributed throughout the whole hippocampus. 
(Scale bar = 200 [im) 
Figure 20b. A higher magnification (200 X) ofthe CA1 region ofthe same 
hippocampus showing that the astrocytes are numerous in the 
stratum radiatum, stratum pyramidal and stratum oriens. Note that 
some ofthe astrocytes penetrate into the pyramidal layer. 
SR = Stratum Radiatum; SP = Stratum Pyramidal; SO 二 Stratum 
Oriens. (Scale bar = 100 i^m) 
Figure 20c. Another higher magnification of the same hippocampus showing 
the stratum lacunosum-moleculare, 200 X. Note that the density 
ofthe astrocytes is higher in this region than in the others. 
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Figure 21. A histogram showing the comparison of astrocyte numbers in different 
hippocampal regions between the two age groups. The error bars 
represent SEM and the asterisks (*p<0.05) denote significance of 
the difference between the two groups. 








































































































































































































































































































































































































































































































































































































































































































































































































































also observed in the stratum radiatum. When examined under microscope, the positive 
cells located in the stratum radiatum of the 2-month-old hippocampus were sparsely 
distributed. While in the 25-month-old hippocampus, the astrocytes were distributed 
densely in the same region and seemed to have invaded into the pyramdial layer. 
Actually, some astrocytes could be seen between the pyramidal cells ofthe pyramidal 
layer. 
The result showed the regional change in the number of astrocytes in the 
hippocampus between the two aged groups. Moreover, the total number of astrocytes 
in aged hippocampus was much higher than in the younger one. 
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Chapter 7. Detection of apoptosis in aging 
7.1 Introduction of apoptosis 
There are two basic pathways or mechanisms of cell death - apoptosis and 
necrosis, hi general, apoptosis is a ubiquitous physiological mode of cell death while 
necrosis is a pathological mode of cell death associated with cell injury. Necrosis has 
been suggested to be the passive cellular degeneration after traumatic injury (Kerr and 
Harmon, 1991) and characterized by disruption of the endoplasmic reticulum and 
mitochondria, random DNA cleavage and rapid loss of plasma membrane integrity 
while apoptosis is characterized by cell surface proturberances, chromatin 
condensation, and nuclear shrinkage ^>yknosis), followed by fragmentation of the 
nucleus into multiple bodies (Kerr et al., 1972 and Wyllie, 1980). Unlike necrosis, 
apoptosis retains endoplasmic reticulum integrity and the mitochondria appear normal 
and not swollen (Wyllie, 1980 and Arends and Wyllie, 1991). Moreover, no 
inflammatory response occurs in apoptosis because the membrane-bound cellular 
remains are removed by neigbour macrophages until the final stage of apoptosis. One 
of the most prominent biochemical characteristics of apoptosis is the DNA 
fragmentation into oligonucleosome-length fragments (multipliers of about 180 base 
pair), observable as a ladder pattem by agarose gel electrophoresis (Wyllie, 1980). 
Therefore, apoptosis has a different biological implication than necrosis, in that the 
cells participate actively in a pathway of gene-directed cellular suicide. Apoptosis can 
be induced by intrinsic factors and external specific stimuli, like mutagenic chemicals, 
viral infection, radiation, ischemia and malignancy (Majno and Joris, 1995). 
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Moreover, several previous studies showed that oxidative stress can serve as one of 
the apoptotic stimuli to induce neuronal apoptosis (Hockenberry et al., 1993; Kane et 
al.，1993; Zhong et al., 1993). Apoptosis was evident in the brain ofthe patient's with 
Alzheimer's disease as well as normal aging (Su et al., 1994; Lassmann et al., 1995; 
Smale et al., 1995). 
7.2 Purpose and approach 
Previous studies have reported that neuronal loss occurred in aging 
hippocampus of rat and human (Brizzee and Ordy, 1979; West, 1993). The cause of 
such cell death is not well understood. As the high level ofNO produced from iNOS 
is implicated to be neurotoxic, the expression of iNOS in hippocampus may play a 
role in neurodegeneration in the aging mechanism. Some authors have already 
reported that the expression of iNOS in hippocampus is related to neuronal death after 
transient ischemia (Endoh et al., 1994). Other studies also indicated that NO can 
mediate DNA double-stranded breaks, a characteristic feature of apoptosis (Albina et 
al” 1993; Sarih et al., 1993). The purpose of this study is to investigate whether there 
was a significant amount of cell death in the hippocampus of aged mice. This is 
achieved by detection of the apoptotic cells in aging hippocampus using specific 
staining method. 
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7.3.1 Basic principle of Terminal dUTP nick end labeling (TUNEL) method 
As mentioned before, apoptosis is characterized by a multistage process of 
DNA fragmentation into nucleosomal units. The labeling target of the TUNEL 
method is actually the new 3'-OH DNA ends generated by DNA fragmentation. 
Firstly, residues of digoxigenin (DIG)-labeled nucleotides are catalytically added 
to the 3'-end of the DNA fragment by terminal deoxynucleotidyl transferase 
(TdT). After the labeling reaction, anti-digoxigenin antibody which is conjugated 
with a peroxidase enzyme binds to the DIG molecules ofthe extended part ofthe 
DNA fragment. The localized peroxidase then generates an intense brown colour 
signal using diaminobenzidine (DAB) as a chromogenic substrate. As a result, the 
cells which have undergone significant apoptosis will appear in brown color and 
will have a typical apoptotic morphology. 
7.3.2 Basic principle of DNA gel 
Agarose gel electrophoresis is a standard method to separate and identify 
DNA fragments. The location ofDNA within a gel can be determined directly by 
ultraviolet illumination after staining with low concentrations of the fluorescent 
intercalating dye ethidium bromide. In the case of apoptosis, the DNA fragments 
generated by fragmentation are multiplers of about 180-bp nucleosomal units. 
Therefore, the DNA extracted from apoptotic cells will appear as a "laddering 
pattem" in a stardard agarose gel (Huang and Plunkett, 1992). 
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7.4 Experimental procedure 
7.4.1 Detection of apoptosis by the Terminal dUTP nick end labeling (TUNEL) 
method 
Most of the reagents in the TUNEL method were part of the in situ apoptosis 
detection kit (Oncor, catalog no. S7100-KIT, MD). The procedure was modified from 
the recommended protocols of the manufacturer. Six random sections from each of 
the six animals in both the 2-month-old and 25-month-old groups were analysed. 
First, the paraffm-embedded sections of 5^m thick were dewaxed in three changes of 
xylene, each for 5 min. Rehydration was achieved by going through a graded series of 
alcohol from absolute, 95%, 80%, 70% to water. After a rinse in phosphate buffered 
saline (PBS) for 5 min, the sections were incubated in 0.3% hydrogen peroxide in 
methanol for 20 min at room temperature to eliminate the endogenous peroxidase 
activity. The sections were then washed in two changes of distilled water, each for 5 
min, followed by PBS for another 5 min. Proteinase K (10 p,gy'ml in O.lM Tris, 50 mM 
EDTA，pH8) was applied onto the sections and the sections were allowed to incubate 
for 15 min at room temperature. After washing in four changes of distilled water, each 
for 2 min, and one change ofPBS for 5 min, 2 drops of equilibration buffer (from the 
kit) was applied to the section for 1-2 min to facilitate the penetration of terminal 
dUTP transferase, the TdT enzyme. A reaction mixture was prepared by mixing the 
reaction buffer (from the kit) and the TdT enzyme (from the kit) in a proportion of 
2:1. Then, this reaction mixture was applied onto the sections and the sections were 
incubated in a humidified chamber for 1 hr at 37°C to allow the extension ofthe nick 
ends of the DNA fragments with digoxigenin-dUTP. During the incubation process, 
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coverslips were applied onto the sections to prevent them from drying out. After the 
incubation, the coverslips were removed carefully without disturbing the tissues and 
the sections were washed in a stop buffer (lml of stock in the kit + 34ml of distilled 
water) for 30 min at 37°C. After a wash in PBS for 5 min, 2 drops of anti-DIG 
antibody conjugated with peroxidase was applied onto the sections for 30 min at room 
temperature. After rinsing in three changes of PBS followed by one change in Tris 
buffer, colour was developed by using 0.05% DAB with 0.006% H2O2 as substrate. 
The sections were then washed in water, counterstained by haematoxylin, dehydrated 
through graded series of alcohol, cleared in xylene and finally mounted by Permount 
(Fisher Scientific, NJ) for observation by light microscopy. Li this experiment, 
sectioned retina of RCS mice which has been found to have significant apoptosis was 
utilized as positive control. Negative control was done by using distilled water instead 
ofTdT enzyme. 
7.4.2 DNA gel electrophoresis 
Four animals for each of the 2-month-old and 25-month-old groups were 
anesthesized with sodium pentobarbital (100 mgyTfCg, i.p.) and then perfused with 
100 ml of saline solution (0.9% NaCl) through the left ventricles. The brains was 
removed and the hippocampi were dissected out. The DNA extraction procedure 
has been modified from Gross-Bellard et al. (1973). The tissues were put into an 
Eppendorftube with 200 i^l ofhomogenization buffer (O.lM NaCl, 0.01M EDTA, 
0.3M Tris-Cl and 0.2M glucose) and homogenized by repeated passages through a 
19G and then a 27G syringe needles. The homogenate was transferred to another 
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Eppendorf tube containing 12.5 fxl of 10% SDS, and incubated at 65°C for 30 min 
to facilitate membrane and protein disruption. After incubation, the sample was 
mixed well with 60 i^l of 5 M potassium acetate and incubated on ice for 1 hr to 
initiate protein precipitation. The sample was centrifuged at 5,000g at 4°C for 10 
min and supernatant was extracted to another Eppendorf tube. An equal volume of 
phenol:chloroform:isoamyl alcohol (25:24:1) was added to the sample and after 
well mixing, the sample was centrifuged at 12,000g at room temperature for 3 
min. After extracting the supematant, 2.5 volume of ice-cold absolute ethanol 
with 0.1 volume of 3M sodium acetate was added and the DNA was allowed to 
precipitate by incubating the sample at -20°C for 2 hr. Following precipitation, 
pellet was obtained by centrifligation at 14,000g at 4°C for 30 min. The 
supematant was removed and the pellet was air-dried. The pellet was redissolved 
in 50 i^l ofTE buffer (10 mM Tris-Cl, 1 mM EDTA, pH 8.0) and digested by the 
addition of 1 i^l of DNase-free RNase (500 ^g/ml; Sigma, St. Louis) followed by 
incubation at 37®C for 1 hr. The sample was then extracted by adding an equal 
volume of phenol: chloroform: isoamyl alcohol and centrifugation at 12,000g for 
30 min at room temperature. The supematant was collected and 0.1 volume of 3M 
sodium acetate and 2.5 volume of ice-cold absolute ethanol was added. After 
incubation at -20°C for 2 hr, the RNase-digested pellet was obtained by a 
centrifugation at 14,000g at 4°C for 30 min. The pellet was then washed by 500^1 
of ice-cold 70% alcohol, dried in air and resuspended in 20^1 of TE buffer. The 
DNA sample was stored at -20°C until use. 
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For gel electrophoresis, a 1.5% agarose gel was first prepared as follows: 
0.45g of electrophoresis-grade agarose (GIBCO BRL, MD) was dissolved in 30 
ml of lx TBE (see appendix) by microwave heating until it boiled. The gel 
solution was allowed to cool down with slow stirring until its temperature 
dropped to about 60°C, then 1 ^ il of ethidium bromide (10 mg/ml) was added. The 
gel solution was then poured onto the gel tank. The electrophoresis systems used 
is the Mini-Sub Cell GT (Bio-Rad, CA). After the gel was solidifed, 20 ^1 ofthe 
DNA samples was mixed with 4 ^1 of 6x loading dye (see appendix) and the 
mixture was loaded into the wells. The gel was run at 60V for about 1.5 hr. After 
the electrophoresis, the gel was analysed under UV illumination and photographs 
were taken. 
7.5 Resuit 
7.5.1 TUNEL method 
The positive control, using RCS mouse sections, contained a lot of positive 
cells which were characterized by a dense brown colour reaction product throughout 
the neuronal cell body, sometimes particularly in the periphery of the cells (Figure 
22a). There was no signal observed in the negative control. 
The number of positive apoptotic cells in the hippocampus of both the 2-
month-old and the 25-month-old mice were very scarce (Figure 22b). For both groups, 
only a few discrete apoptotic cells could be found within the whole hippocampus. No 
regional specificity for the apoptosis was observed. There was no obvious difference 
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Figure 22a. The result ofthe TUNEL staining ofthe RCS mouse retina Q)ositive 
control), 400X. The cells within the layer indicated by the arrowheads 
are the apoptotic cells with intense brown precipitates. 
(Scale bar = 50 i^m) 
Figure 22b. A 25-month-old hippocampus stained for TUNEL and counter-
stained with haematoxylin showing an apoptotic cell, indicated by 
the arrowhead, 400 X. Note the small size of the positive cells as 
compared to the larger neurons in the surroundings. 





















in the number of the positive cells among the two age groups. By their small sizes, 
localizations and morphologies, these apoptotic cells were most likely neuroglial cells. 
7.5.2 DNA gel electrophoresis 
The result of the gel electrophoresis is shown in Figure 23. All the four 
samples for each of the 2-month-old and 25-month-old groups showed a discrete, 
intact band at the same position of the gel. By comparing the molecular weight 
marker, the molecular sizes of the bands were estimated to be approximately over 20 
kilobase. In all the sample analysed, only the bands mentioned above could be 
observed and no smearing could be seen. Therefore, neither apoptosis nor necrosis 
occurred significantly in both age groups. These DNA bands with high molecular 
weights represented the genomic DNA and the integrity of the bands indicated that the 
cellular DNA of the samples were still intact. 
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Figure 23. The result ofthe gel electrophoresis of the DNA extracted from both 
age groups. Lane 1 is the sample from a 2-month-old hippocampus; 
lane 2 and 3 are the samples from two 25-month-old hippocampus and 
lane 4 is the DNA molecular marker. Note that the bands of the two 
groups are at the same position with a high molecular weight ofover 
20 kilobase. 
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Chapter 8. Discussion 
8.1 Pattern of neuronal NOS in aging 
8.1.1 Localization of nNOS 
The localization of nNOS in hippocampus has been extensively studied by 
some investigators (Bredt et al., 1990; Valtschanoff et al., 1993). According to these 
studies, three main approaches were frequently used to map the nNOS in the brain. 
They are NADPH-diaphorase QSTADPH-d) histochemistry, immunocytochemistry and 
in situ hybridization. Each of these detects NOS in different ways. 
The NADPH-d histochemistry is a method to detect the NADPH-d enzymatic 
activity associated with a NOS molecule. Li the presence of the reduced form 
NADPH, this enzymatic activity reduces nitroblue tetrazolium salt to a water-
insoluble nitroblue tetrazolium formazan product, which is a solid blue deposit 
(Schmidt et al., 1992). The specificity of this staining method for NOS has been 
verified by Matsumoto et al. (1993). This group showed that most NADPH-d activity 
is abolished during the standard paraformaldehyde fixation while only the NADPH-d 
activity associated with NOS remains intact. Moreover, some authors have proved that 
the neuronal NADPH-d is actually the NOS (Dawson et al., 1991; Hope et al., 1991). 
Since all the three isoforms of NOS possess NADPH-d activity, this staining method 
cannot provide specific information as to which positive isoforms are present. The 
most commonly employed histochemical method to detect NOS is therefore immuno-
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histochemistry. Using specific antibodies, proteins of different isoforms can be 
located. While in situ hybridization using labeled probe, mRNA for NOS can be 
detected,. 
nNOS has been investigated in the rat hippocampus using the above 
techniques. Bredt et al. (1990)，using preliminary immunohistochemistry, reported 
that in the hippocampus, only the dentate gyrus was stained for nNOS but no positive 
pyramidal cells of the hippocampal layers were visualized. Further, only 1-2% of 
neurons were NOS-positive and these cells were diffusely located. One year later, 
Bredt et al. (1991b)，employing refined immunohistochemistry, NADPH-d 
histochemistry and in situ hybridization, concluded that intense staining for nNOS 
could be observed in dentate gyrus as well as the CA1 region. Another study (Schmidt 
et al., 1992) showed that besides the dentate gyrus, positive cells for NADPH-d 
activity and nNOS protein were found mainly outside the pyramidal cell layer. These 
studies demonstrated NOS occurred predominantly in small intemeurons in the 
hippocampus but not in pyramidal cells. On the other hand, Valtschanoffet al. (1993)， 
after staining the rat hippocampus by NADPH-d histochemistry and 
immunohistochemistry, had visualized that many stained cells in the pyramidal layer 
of the subiculum, followed by the stratum radiatum and the dentate gyrus. From this 
work, a lot of stained cells were reported in the pyramidal layer of CA3 and fewer 
stained cells in CA2 and CA1. To support this, Wendland et al. (1994) also showed 
nNOS inmiunoreactivity in dentrites and cell bodies of CA1 pyramidal neurons using 
a relatively gentle fixation method of acetone, illustrating thus the importance of 
fixation in the preservation ofNOS antigens. At this point, we have also emphasized 
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the advantage of microwave treatment in the retrieval of NOS positive sites which 
greatly intensified the reaction. 
The result of the present study pointed out that the nNOS immunoreactivity 
occurred rnainly in the dentate gyrus (involving granule cell layer and polymorphic 
layer, CA4) and the pyramidal layer. Some of the positive cells could also be found in 
the stratum radiatum and stratum oriens. In addition, positive cells for nNOS were not 
only seen in pyramidal layer of CA1 region but also in the other regions of the 
Ammon's hom and the positive cells in the pyramidal layer appeared to be in two 
types - type I and type II as described in section 2.4.1. Indeed, intemeurons as well as 
pyramidal cells have been found to express nNOS in hippocampus, the type I and type 
II positive cells are most likely the intemeurons and pyramidal cells respectively as 
shown by their morphologies. On the other hands, the multipolar neurons with 
extensive processes in the parahippocampal cortex was also stained very intensely. 
Other studies also found corresponding intensely stained neurons in the cerebral 
cortex of human and rat respectively (Bredt et al., 1991; Sobreviela and mufson, 
1995). In general, the staining pattem for nNOS in our study of the mouse 
hippocampus is quite consistent with the recent findings after refinement ofprevious 
techniques. One noteworthy point is that previous works on the localization ofnNOS 
have been performed in rats while the present study in the mouse and the possibility 
exists that there may be a few species-specific difference in nNOS localization 
between rat and mouse. 
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8.1.2 Decrease in staining of nNOS in the hippocampus during aging 
Our findings show a decrease in the number of nNOS positive cells in the 
hippocampus between the 2-month-old and the 25-month-old mice. According to the 
quantitative analysis, for the 2-month-old group, the positive cells are mostly located 
in the pyramidal layer of the CA3 and subiculum region. While in the 25-month-old 
group, the pyramidal layer of the subiculum region contained the greatest number of 
positive cells, followed by CA1, CA3 and then CA2. In general, the subiculum 
contained the majority of stained cells in both groups. Li aged animals, the greatest 
difference in the number of nNOS positive cells was found in CA2 and CA3 regions 
with a percentage decrease of 86.02% and 75.21% respectively, followed by 51.69% 
in the subiculum. For the CA1 region, the number of nNOS positive cells was reduced 
by 41.6% in the aged group. However, such decrease has not been found to be 
significant by paired student t-test due to the great individual variation in the samples. 
Therefore, each region of the Ammon's hom appeared to display different reduction 
rates on the nNOS expression in aging. When considering pyramidal layer of the 
hippocampus as a whole, the number of total cells expressing nNOS decreased 
significantly (64.49%) in the aged mice when compared to the younger ones. 
Apart from the difference in the number of the nNOS-positive cells, the 
staining pattem in the CA1 region of the aged hippocampus was different to that of 
the younger hippocampus. For the 2-month-old group, darkly stained and thinner cells 
(type I) were abundant especially in CA1 and the subiculum region. However, in the 
25-month-old group, oval and faintly stained cells (type II) were the major cell types 
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stained in the above regions. The nNOS signal of the cells in the younger 
hippocampus was also much stronger than that of the old hippocampus. Both types I 
and II positive cells were present in both young and old hippocampi, but type I cells 
were prominent in the young whereas type II was more abundant in the old. 
8.1.3 No change in nNOS mRNA level 
hi conclusion, results from our nNOS immunohistochemistry showed a 
decrease in the nNOS-positive cells in the pyramidal layer of the aged hippocampus 
with a differential regional susceptibility. However, our RT-PCR analysis has revealed 
that the mRNA of nNOS in hippocampus has not changed in quantity between the 2-
month-old and the 25-month-old group. The results from both approaches do not 
appear to be in harmony as increase in level of a particular protein is presumably 
associated with an increase in its mRNA level. However, some critical points are 
worth noting. Firstly, RT-PCR analysis allows us to determine the abundance of 
nNOS mRNA in the whole hippocampus while the nNOS immunohistochemistry is a 
method to locate the cells with nNOS protein. The number of inununoreactive cells in 
fact does not totally reflect the amount of protein that the tissue contained. Li other 
words, although the abundance of nNOS mRNA was not significantly decreased in 
aged hippocampus, there could still be a significant decrease in the number of cells 
expressing the nNOS protein, with fewer positive cells each expressing more nNOS 
protein. In fact, it was evident from the present study that some of the positive cells in 
the 25-month-old hippocampus showed a high nNOS immunoreactivity. Secondly, 
protein synthesis or translational efficiency does not necessarily correlate with 
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transcriptional efficiency. Henceforth, the discrepancy between the results from the 
immunohistochemistry and RT-PCR might further be explained by a decreased 
translational efficiency or an increased protein degradation for the nNOS in aging 
hippocampus. 
8.1.4 nNOS in aging _ past and present works 
Recently, several studies have focused on the nNOS activity in hippocampus 
during aging and some of them have demonstrated similarities to our findings. For 
example, Benedetti et al. (1993) reported an age-related decline in the levels ofamino 
acids involved in NO synthesis in rat brain, thus suggesting a decrease in the NOS 
activity in aging. Mollace et al. (1995) have shown that NOS activity decreased in the 
hippocampus of 24-month-old rats as compared to 3-month-old rats by measuring the 
citrulline and nitrite formation in brain homogenates. The NOS activity measured in 
this assay has been demonstrated as the constitutive isoform of NOS since 
coincubation of the brain homogenates with EGTA, a Ca�+ chelator, inhibited that 
NOS activity. Another study (Chapman et al., 1995) also noted a decrease in NADPH-
d activity, which represented the NOS activity, in the hippocampus in aged rats (24-
month-old) when compared to younger ones (3-month-old). They have also reported a 
correlation between the decrease in NOS activity and the decline in cognitive and 
memory performance in the aged rats when tested by the water maze. From their 
observation, the altered regions included the pyramidal layer of CA1, CA3, CA4, the 
hippocampal fissure and the dentate gyrus. The decline in NOS activity was not only 
reported in aging but also in neurodegenerative disease such as Alzheimer's disease 
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(AD). Norris et al. (1996) have documented a significant decrease in the number of 
cells expressing detectable level of nNOS mRNA and NADPH-d-positive cells in the 
dentate gyms and CA subfields of the hippocampus in AD patients. Li fact, there have 
been a number of studies in the dystrophic changes of NADPH-d-containing neurons 
in the hippocampus of patients with AD ^^Jakamura et al.，1987; Hyman et al.，1992; 
Unger and Lange, 1992). As normal aging and AD are usually associated with 
impairment of judgement, memory and leaming, the decrease in nNOS expression 
may be related to these ftmctional declines in both cases. To sum up, the above 
mentioned studies have pointed out a general decrease in nNOS expression in the 
hippocampus of aged and learning-impaired rats as well as in the AD patients, which 
are consistent with the present findings. 
On the other hand, there are authors reporting different findings than the 
above. Sugaya et al. (1996) have noted an increase in the amount of nNOS mRNA in 
the hippocampus of leaming impaired aged rats by in situ hybridization using 
radiolabeled riboprobe. But there has been no statement on any possible change in the 
number of cells expressing the nNOS mRNA or in the distribution of the positive 
cells. Sobreviela and Mufson (1995) have also reported an increase in the staining of 
NADPH-d fibers in the aging human rostral entorhinal cortex, although there has been 
no change in the distribution of these fibers in both young and old human. Hi the 
hippocampus, these authors also did not demonstrate any change in the NADPH-d 
staining. These controversies may be due to the differences in the age of animals 
employed, the species used and the techniques applied. 
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8.1.5 Implication of the result 
As mentioned in section 1.4.6，NO plays an important role as an intercellular 
messenger in LTP (Bon et al., 1992). From previous studies, nNOS has been found to 
be present in the pyramidal layer of CA1 and the dentate gyms which are related to 
LTP functions. Therefore, any change in nNOS in the hippocampus is likely to 
contribute to the age-related decline of functions such as memory and learning. From 
the present results, a significant decrease in the nNOS protein has been found in the 
pyramidal layers in the aged hippocampus. The decrease in the nNOS protein leads to 
a decrease in NO synthesis and hence the LTP fimctions may be affected. This 
deviation in the normal functioning of LTP may then contribute to the impairment of 
cognitive ability such as memory decline. 
Li a previous study (Avola et al., 1988), it has been suggested that the protein 
synthesis rate in the different parts of the brain is not significantly affected by aging. 
However, it is possible that the expression of some specific proteins is affected by 
aging in some specific regions of the brain. Hippocampus is one of the most 
vulnerable parts of the brain during aging and therefore, some proteins, especially the 
neurotransmitters and associated chemicals, are probably more susceptible to senile 
changes, hi fact, the aging process is characterized by a decline of many classical 
transmitter systems (Ossowska, 1993). Some age-related alterations of the transmitters 
have been investigated and proposed to be related to memory impairment. For 
instances, various studies have registered a dysfunction of the glutamate receptor 
system during aging (Magnusson and Cotman, 1993). Age-related changes in the 
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cholinergic system have been implicated to be responsible for deficits in memory 
(Kadar et al., 1990). Our findings also suggest that nNOS, the enzyme that produces 
the important messenger NO, a "de novo" transmitter for LTP, becomes less abundant 
in hippocampus during aging. The real causes for such age-related alterations are not 
well understood, but may be related to the decreased protein synthesis rate or the 
disruption of cellular organelles in the case of aging (Hasan and Glees, 1973; 
Benedetti et al., 1993). 
92 
8.2 Increased iNOS expression in aging 
8.2.1 Neurotoxicity ofiNOS 
Although NO is known to be an ubiquitous molecule, acting as an intercellular 
messenger in vascular and central nervous system, it can also mediate neurotoxicity 
under the condition of excess formation (Dawson et al., 1992). For example, NO has 
been proposed to mediate glutamate neurotoxicity in primary cortical cultures 
• 
(Dawson et al.，1991). The mechanism of such neurotoxicity involves the 
overstimulation of the NMDA receptor by excess glutamate release, followed by 
increase in intracellular calcium concentration and the subsequent activation ofNOS. 
This high level ofNO produced by the activated NOS is actually responsible for the 
death ofthe surrounding cells in ischemic brain damage (Dawson et al., 1993). The 
glutamate neurotoxicity has also been suggested to be one of the crucial steps in 
neurodegenerative diseases such as Alzheimer's and Huntington's (Meldrum et al.， 
1990). iNOS expression is believed to be mostly detrimental to neurons because it 
produces much more NO than the consititutive form ofNOS (Paakkari and Lindsberg, 
1995). Furthermore, it has been documented that NO generated from iNOS in the glial 
cells are indeed involved in neurodegeneration or even cell death (Boje and Arora., 
1992; Galea et al., 1992; Simmons and Murphy, 1992), 
The mechanism by which NO causes damage to neurons is unknown. The 
majority of evidence indicates that NO neurotoxicity is mediated through the 
combination of NO with superoxide anion to form peroxynitrite, which is a highly 
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reactive oxidating compound that decomposes to give rise to other toxic radicals such 
as the hydroxyl and NO2 free radical (Dawson et al., 1993). A variety of mechanisms 
of NO neurotoxicity has been proposed. These include the inhibition of the 
mitochondrial electron transport chain, inhibition of ribonucleotide reductase, 
inhibition of cis-aconitase and enhancement of ADP ribosylation of GADPH (Dawson 
and Dawson, 1995). Recently, damaged DNA has been thought to trigger the NO 
neurotoxicity (Zhang et al., 1994). In this mechanism, NO activates the nuclear 
enzyme poly(ADP-ribose) synthetase (PARS) in the presence of damaged DNA. Once 
activated, PARS catalyzes the attachment of ADP-ribose units to some nuclear 
proteins and such transfer of ADP-ribose consumes considerable amount of energy. 
Thus, activation ofPARS through NO can lead to a depletion of cellular energy stores 
and eventually cell death, bi contrast, NO has also been found to protect neurons from 
glutamate neurotoxic (Dawson and Snyder, 1994). This discrepancy can be explained 
by that the oxidative reduction status of NO may determine whether NO is 
neuroprotective or neurotoxicity (Lipton et al., 1993). It is reported that NO seems to 
be neurotoxic if the prevailing redox state favours the production of N0*, but 
neuroprotective ifNO+ is being produced. 
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8.2.2 Circumstances of iNOS expression 
» • 
Expression of iNOS was not apparent in normal hippocampus (Kato et al., 
1994). Extensive studies have reported a variety of conditions can induce the iNOS 
expression in glial cells, hi 1992，Wallace and Fredens (1992) indicated that stab 
wounds to the hippocampus of mice can result in NADPH-d-positive astrocytes 
around the lesion 5 or 6 days later. Regidor et al. (1993) also reported a similar result 
in rats. Afterwards, Wallace and Bisland (1994) reported that NADPH-d stained 
astrocytes were found in the mouse dorsal hippocampus after transient ischemia by 
occlusion of the carotid and vertebral arteries followed by reperfusion. Similar results 
were obtained in rats (Endoh et al., 1993) in which NADPH-d stained cells were 
found to appear in the area flanking the pyramidal layer of CA1 region after a 10-min 
transient global ischemia, with the number and size of the stained cells increasing 
progressively beginning from day 1 until day 30. Subsequently, the NADPH-d 
staining product was confirmed to be iNOS protein by immunohistochemistry (Endoh 
et al., 1994). Moreover, the authors indicated that the NADPH-d stained cells were 
actually the astrocytes by double labeling for iNOS and GFAP. Another interesting 
findings showed that cerebral ischemia resulted in the induction ofNADPH-d activity 
in reactive glial cells as well as in pyramidal neurons of the CA1 region of the rat 
hippocampus (Kato et al., 1994). 
Apart from the above, indirect neuronal injury, like chemical toxicity, can also 
lead to the induction of iNOS in glial cells in other brain regions other than the 
hippocampus. This has been demonstrated in the work ofMcElhaney et al. (1994) that 
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injection of the toxin ricin in the rat facial motor nucleus resulted in an increased 
NADPH-d activity in reactive astrocytes while nerve crush did not induce similar 
increase, It is noteworthy that although NADPH-d staining represents NOS, it cannot 
decipher which isoform of NOS the staining represents. Therefore, for most of the 
studies mentioned above, specific iNOS immunohistochemistry or in situ 
hybridization are needed to verify the iNOS expression. 
For in vitro system, it has been well documented that astrocytes in primary 
cultures can be induced to express iNOS after the stimulation of some kinds of 
endotoxin and cytokine (Galea et al., 1992; Simmon and Murphy, 1992; Lee et al., 
1993; Mollace et al., 1993). Recently, iNOS has been demonstrated to be expressed in 
rat hippocampus in vivo by direct intrahippocampal injection with interferon-y (IFN-y) 
plus lipopolysaccharide (LPS) (Kitamura et al., 1996). However, the iNOS 
immunoreactivity was localized in the microglia rather than in the astrocytes close to 
the injection site. 
8.2.3 Discussion of the present study 
In the present study, iNOS protein and mRNA was found in the 25-month-old 
mouse hippocampus by immunohistochemistry and RT-PCR respectively. For the 
iNOS immunohistochemistry，stained cells were found in several layers of the 
hippocampus including the stratum oriens, stratum lacunosum-moleculare and to a 
lesser extent in the fimbria and dentate gyrus. Among the above regions, the stratum 
oriens and stratum lacunosum-moleculare contained the highest number of positive 
cells and the cells were intensely stained. Double staining for iNOS and GFAP 
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revealed that the iNOS-stained cells were astrocytes. Therefore, it can be concluded 
that the astrocytes expressed iNOS mostly in the stratum oriens and stratum 
lacunosum-moleculare of the aged hippocampus. From the RT-PCR analysis, great 
individual variations were observed amongst the animals of the same age-group. Jn 
spite of this, the result of all the biochemical studies confirmed the expression of 
iNOS mRNA in the 25-month-old hippocampus. Apart from the above findings, an 
increase in astrocyte number was also observed in the 25-month-old hippocampus 
when compared to the 2-month-old hippocampus. Such increase occurred in most of 
the regions in the hippocampus except in the stratum lacunosum-moleculare where the 
increase was somewhat insignificant. The age-related increase in astrocyte number in 
the hippocampus of different kinds of mammals has also been reported by several 
previous studies (Goss et al., 1991; Wagner et al., 1993; Nichols et al., 1993; Sugaya 
etal.，1996). 
As suggested by the present result, the increase in iNOS expression in 
astrocytes may be associated with a change in the number of astrocytes in aging 
hippocampus. Thus, it is interesting to investigate whether these iNOS are expressed 
in the old astrocytes or the newly proliferated astrocytes in these specific hippocampal 
regions. One should bear in mind that an age-related increase in astrocyte number 
does not necessarily mean that the astrocytes expressing iNOS must be from the newly 
proliferated astrocytes. There is the alternative that the induction ofiNOS occurs only 
in the old and activated astrocytes. This issue can be addressed, to a certain extent, by 
comparing the percentage increase in astrocytes with the percentage of astrocytes 
expressing iNOS in the 25-month-old hippocampus. By double staining ofiNOS and 
GFAP, the percentage of astrocytes expressing iNOS were calculated by quantifying 
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the total number of astrocytes and the number ofiNOS-stained astrocytes in areas of 
the 25-month-old hippocampus. Only two regions - stratum oriens and stratum 
lacunosum-moleculare were analysed. The reason for choosing these two regions for 
study is that these two regions contained the most conspicuous staining for iNOS 
positive reactions. In the stratum oriens, an average of 44.74% of the astrocytes 
showed iNOS immunoreactivity while 21% of the astrocytes in the stratum 
lacunosum-moleculare were iNOS immunoreactive in the 25-month-old hippocampus. 
There was no iNOS production in the 2-month-old hippocampus. Our results point out 
that the astrocytes in stratum oriens were more susceptible to the induction of iNOS 
than those in stratum lacunosum-moleculare in aging. Further, the percentage increase 
in astrocyte number between the 2-month-old and the 25-month-old groups in the 
stratum oriens and the stratum lacunosum-moleculare were averaged 30.72% and 
19.37% respectively. In the stratum lacunosum-moleculare of the 25-month-old 
hippocampus, 21% of the astrocytes expressed iNOS and the number of astrocytes 
increased by 19.37% as compared to the 2-month-old group. The close alliance ofthe 
two figures points out that the newly proliferated astrocytes in the aging hippocampus 
may be the cells expressing iNOS. In the aged (25-month-old) stratum oriens, 44.74% 
ofthe astrocytes showed iNOS immunoreactivity when only 30.72% ofthe astrocytes 
were newly proliferated when compared to the 2-month-old group. This suggests that 
some ofthe old astrocytes (astrocytes present since 2-month-old) must be involved in 
the expression of iNOS in the aging animal. However, bearing in mind that the 
proliferation of astrocytes and the expression of iNOS are two separate individual 
events occurring in aging hippocampus, an absolute conclusion in this case is still not 
possible. According to the review of Murphy and Grzybicki (1996), it was proposed 
98 
that from the results of Wallace and Bisland (1994) and McElhaney et al. (1994)，the 
expression of iNOS in vivo in glial cells was not necessarily associated with glial 
activation. From the studies concerning the induction of iNOS in hippocampus by stab 
wound or transient ischemia (Endoh et al., 1993), the authors did not mention whether 
there was an increase in astrocyte number or not. 
In the aging brain, it has been reported that senile plaques and neurofibrillary 
tangles occur almost invariantly during normal aging (Tomlinson et al., 1968; Terry 
and Katzman, 1983). Moreover, neuronal loss and alteration in neurotransmitter 
system has also a general feature for normal aging (West, 1993; Ossowska, 1993). 
Strictly speaking, a normal aging brain cannot be regarded as normal any more as it 
has been subjected to a variety of undesirable changes in the process of aging and 
iNOS expression is one of these changes. 
It has been indicated that oxidative stress may be one of the causative factors 
for hippocampal dysfunction (Halliwell et al., 1989; Reiter, 1995), and the cognitive 
decline in aging probably involves neuronal oxidative stress caused by an upregulation 
of free radicals production. Sugaya et al. (1996) suggested that such free radicals may 
have been resulted from the cytokines released from chronically activated glial cells in 
aging. A series of studies revealed that glial activation actually is one of the 
established features of the aging brain, especially in the hippocampus (Landfleld et al., 
1977; Lindsey et al., 1979). In fact, accumulation of microglial and reactive astrocytes 
were found in the neighborhood of the neurodegenerative sites in the brains of patients 
with Alzheimer's disease, Parkinson's disease and the acquired immunodeficiency 
syndrome (AIDS) (Dickson et al., 1993; McGeer et al., 1993). Therefore, astrocytes 
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are believed to play an important role in the neurodegenerative mechanism in aging as 
well as in other pathological situations and injuries (stab wound and transient 
ischemia (e.g. Regidor et al., 1993; Endoh et al., 1993)). With respect to the 
vulnerability of the hippocampus during aging, it is highly possible that the astrocytes 
in the hippocampus have been induced to synthesize the iNOS protein by changes in 
microenvironment. For examples, iNOS may be induced to respond to some kinds of 
cytokines secreted by macrophages or microglia that become activated in the process 
of senility. 
The biological role of the expression of iNOS in the aging hippocampus is still 
not well known. In the previous studies concerning the induction of iNOS in the 
damaged hippocampus, the astrocytes expressing iNOS were found to surround the 
lesion site. Therefore, it appears that these reactive astrocytes may be involved in 
either assisting the damaged neurons to survive or participating in the death and 
removal of these injured neurons. Another possibility is that the NO produced by the 
induced iNOS may help to regulate the cerebral blood flow in the aging brain as it is 
well known that NO can act as a vasodilator (Ignarro et al., 1987). However, in the 
case of ischemia, Wallace and Bisland. (1994) reported a high level of NADPH-d 
staining in astrocytes in the hippocampus while a reduction in blood flow in the 
damaged hippocampus was reported by another group (Rischke and Krieglstein, 
1991). Thus, it seems unlikely that the release of NO from the astrocytes after 
ischemia plays a major role in regulating the blood flow under such pathological 
condition. But this may not be the case in normal aging and therefore the contribution 
of iNOS to cerebral blood flow in aging still remains to be investigated. Alternatively, 
the expression of iNOS may contribute to neuronal death. As mentioned previously, 
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NO can mediate neurotoxicity in many different ways. Neuronal loss has been 
reported in the aging hippocampus (West, 1993). Such age-related neuronal damage 
may be related to the expression ofiNOS resulting in the increased production ofNO. 
However, it is also important to note that the induction of iNOS in the aging 
hippocampus may itselfbe only a response to neuronal degeneration. In other words, 
the astrocytes may be induced to express iNOS in response to some signals from other 
degenerating neurons. 
Besides iNOS, nNOS has also been reported to be induced under certain 
circumstances. Kitchener et al. (1993) reported that increased NADPH-d staining in 
neocortical pyramidal neurons after stab wound and Yu (1994) demonstrated the 
induction ofnNOS in cranial motor nuclei after unilateral transection ofthe respective 
cranial nerves. A recent study (Kanda, 1996) showed that NOS was expressed, to a 
limited degree, in the motomeurons in the motor nucleus of the spinal cord in aged 
rats. However, only NADPH-d histochemistty was performed in this study and thus 
whether this NOS was indeed the neuronal type or not still needed to be verified. 
In our result ofiNOS immunohistochemistry and RT-PCR analysis for iNOS, 
individual variation amongst the 25-month-old group was great. However, it is 
noteworthy that aging is a chronically changing process which can vary greatly from 
one individual to another and such variations are not surprising. Kader et al. (1994) 
demonstrated that aged rats having intact hippocampal integrity were still able to 
perform successfully in behavioral test. Morris water maze tests which is a behaviour 
and cognitive evaluation (Symons et al., 1988; Wolfer et al, 1992) could help in the 
101 
selection of impaired individuals from the aging group and should be performed 
alongside with anatomical and physiological studies in fiiture. 
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8.3 Detection of apoptosis in aging 
Apoptosis has been suggested to contribute to the functional decline in aging 
as well as in some neurodegenerative diseases (Lockshin and Zakeri., 1990; Altman, 
1992). In 1989，Johnson et al. first proposed that neuronal death in the aging brain 
may include apoptosis which activated an endogenous self-killing program. As 
suggested by these authors, the programmed cell death could be induced through a 
variety of mechanisms, such as deprivation of trophic factors as a result of axotomy. 
In the brain of Alzheimer's patients (AD), Su et al. (1994) reported that numerous 
apoptotic cells were found in the hippocampus and entorhinal cortex but no apoptotic 
cell was detected in age-matched control by using the typical in situ labeling technique 
(TUNEL). Similar results were obtained by the other authors. Smale et al. (1995) 
indicated that both neurons and astrocytes underwent apoptosis mostly in the stratum 
lacunosum-moleculare of the CA1 and CA3 regions of the hippocampus of AD 
patients. Furthermore, Lassmann et al. (1995) also reported that apoptosis not only 
occurred in neurons but was also present in oligodendrocytes and microglia of AD 
brain. To summarise, apoptosis seems to be a fundamental mechanism leading to 
neuronal cell death in AD diseases. However, all of the above studies failed to find a 
significant amount of apoptotic cells in normal age-matched controls. On the other 
hand, neuronal apoptosis was evident in the striatum of the aged brain, a region other 
than the hippocampus (Zhang et al., 1995). In the hippocampus, Kadar et al., (1994) 
demonstrated that the aged rats with impairment in cognitive function showed a loss 
of morphological integrity in the pyramidal layer of the hippocampal CA3 region. 
According to these authors, the degenerating neurons were pyknotic in shape. As 
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pyknosis (nuclear shrinkage) has been one of the feature of apoptotic cells (Cohen, 
1991; Arends and Wyllie, 1991)，the degenerating neurons in the specific region in the 
aged hippocampus might have undergone apoptosis. 
With respect to normal aging, apoptosis rather than necrosis is believed to 
contribute the neuronal death in the aging hippocampus. Necrosis is usually associated 
with traumatic injury which is not apparent in normal aging brain, while apoptosis, a 
physiological mode of cell death, is more likely to be the type ofcell death involved in 
normal aging. Furthermore,in a study by Wallace and Bisland (1994)，severe neuronal 
death was associated with the induction of iNOS at the CA1 region of the 
hippocampus after transient ischemia. 
The present result showed that there was no significant amount of positive 
apoptotic cells stained by TUNEL method in both the 25-month-old and the 2-month-
old hippocampus. Instead, only a few cells, likely glial cells, with a typical 
morphology of apoptosis were stained in both groups. Negative result was also 
obtained in the DNA gel electrophoresis analysis. Since a number ofprevious works 
have shown a decrease in cell number in hippocampus during aging (West, 1993)，it 
seems apparently that the insignificance of apoptosis in the aged mouse hippocampus 
in this work cannot explain the evident neuronal loss during aging. However, it should 
be noted that apoptosis may occur only in a small, asynchronous population of cells 
and at any particular period of time during the whole aging mechanism. Moreover, the 
time-course ofthe apoptotic program can last for as little as 1 hr (Ellis et al., 1991) 
and hence the rapidity of the apoptotic episode makes the detection ofapoptosis much 
more difficult (Bursch et al., 1992; Raff et al., 1993). On the other hand, the gel 
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time-course of the apoptotic program can last for as little as 1 hr (Ellis et al.，1991) 
and hence the rapidity of the apoptotic episode makes the detection of apoptosis much 
more difficult (Bursch et al., 1992; Raff et al., 1993). On the other hand, the gel 
electrophoresis for apoptotic DNA fragmentation is only a gross biochemical assay to 
evaluate the process of apoptosis. The laddering pattem may not appear if apoptosis 
does not occur to a certain extent. Therefore, the negative result from our study only 
indicated the insignificance of apoptosis but did not exclude the occurrence of 
apoptosis in the 2-month-old and the 25-month-old hippocampi. 
Based on the present findings, the increased expression of iNOS in the aging 
hippocampus does not seem to be associated with apoptosis in this area. Therefore, 
the expression of iNOS in the astrocytes may play other degenerative roles in the 
aging hippocampus rather than mediating apoptosis and causing cell death. The 
possible participation of iNOS in necrosis cannot be overruled and needs further 
investigation. 
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Chapter 9. Conclusion 
The results of the present study demonstrate the differential aging patterns of 
the two isoforms of NOS protein _ the nNOS and iNOS. The changes of these two 
enzymes in aging signify an alteration of the normal fimctioning ofthe hippocampus. 
Based on the present findings, iNOS has been found to be expressed 
specifically in astrocytes in certain hippocampal regions ofthe aged mice. The amount 
of iNOS mRNA concurrently increased in the aged hippocampus as compared to the 
younger one. The number of astrocyte also increased significantly during aging and 
the newly proliferated astrocytes have also been found to express iNOS protein. With 
respect to the nNOS, the number of neurons containing this protein has been found to 
decrease during aging, reflecting downregulated physiological flmctions such as 
synaptic transmission in the hippocampus. 
No significant apoptosis was detected in both the young and old hippocampi 
and hence the expression of iNOS in astrocytes in aged hippocampus did not seem to 
be involved in the mechanism of cell death. 
In conclusion, the functional decline commonly observed in aging rodents may 
be related to amendments in the hippocampus involving in some aspects the changes 
of the different isoforms of the NOS enzyme (nNOS and iNOS), which have been 
implicated in normal physiological function and neurotoxicity respectively. 
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Appendix 
Preparation of 5X TBE running buffer (for agarose gel electrophoresis) 
Tris Base 54 g 
Boric acid 27.5 g 
0.5MEDTA (pH8.0) 20 ml 
Distilled water make up to 1 litres 
Preparation of 6X loading buffer (for gel electrophoresis) 
Bromophenol blue 0.25% 
Xylene cyanol FF 0.25% 
Glycerol in water 30% 
(stored at 4°C) 
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Mean of nNOS positive cell number in different hippocampal regions 
of 2-month-old (young) mice 
CA3 CA2 CA1 Subiculum Total “ 
—Mean " ^ . 0 6 4 3 . 5 ~ 36.19— 56.00 ~ 194.84 ‘ 
~ S D 37.56— 34.38 35.11 一 24.26 —78.39 
— SEM 6.26 5.73 5.85 4.04 13.07 
Mean of nNOS positive cell number in different hippocampal regions 
of 25-month-old (old) mice 
CA3 CA2 CA1 Subiculum Total 
^ e a n 14.64^ 6.08 一 21.14 27.06 “ 69.19 
— S D 1 8 . 9 ^ 6.86 一 28.69 24.31 ‘ 35.18 
~ S E M 3.16 1.14 4.78 4.05 5.86 
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Optical densities measured by densitometer in the calibration of RT-PCR 
analysis of nNOS with G3PDH as an internal control 
Optical density  
Cycles — nNOS G3PDH 
20 — 11.73 12.38 
25 1 3 . 0 8 ~ 14.63 
30 — 15.75 17.77 
25 1 8 . 1 0 ~ 18.67 
40 19.13 18.51 
Optical densities measured by densitometer in the RT-PCR analysis 
ofnNOS after the standardization with G3PDH 
2-month-old 25-month-old 
M e a ~ l.QQOi~ 0.9966 
S D — 0.0514 0.0882 —  
SEM 0.023 0.0395 
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Mean of astrocyte counts in different hippocampal regions 
of the 2-month-old (young) mice 
Dentate Stratum Stratum Stratum Stratum 
Gyrus Oriens Pyramidal Radiatum L-M 
^ a n 4 6 . 1 ~ 40.50 “ 1.14 16.44 56.50 
SD ~ 8 . 6 5 8 . 6 0 ~ 1 . 8 5 ~ 12.36 ‘ 17.03 
^ M 3.11 1.43 0.31 2.06 2.84 
Mean of astrocyte counts in different hippocampal regions 
of the 25-month-old (old) mice 
Dentate Stratum Stratum Stratum Stratum 
Gyrus Oriens Pyramidal Radiatum L-M 
T ^ ~ 66.89 “ 58.17 “ 7.08 43.19 6 8 . 3 ^ 
^ 21.23— 12.25 一 3.62 10.18 —15.17 
^ M 3.54 2.04 0.60 1.70 2.53 
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